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Ir HAS been known for a long time that in ashing a plant- 
stuff in an open dish in the ordinary way there is always a danger, 
and in many cases a certainty, of the volatilization of part of the 
alkalies, phosphorus compounds, chlorine, and sulphur com- 
pounds. The extent of this loss depends on the temperature em- 
ployed and on the nature of the substance ashed, and is many 
times greater for sulphur than for the other substances mentioned.* 
The methods which have been devised, either to prevent the 
volatilization of sulphur compounds or to estimate the volatilized 
substances separately in special forms of apparatus, fall under 
three groups: 
A. Methods in which alkaline substances (such as barium 


' Thus, Lechartier (Compt Rend., 109 (1889) page 727), in working with wheat, buck- 
wheat kernels and straw, the wheat plant, and artichokes, found the loss of sulphur to 
be from 12 to 60 times greater than that of phosphorus. Similarly Berthelot (‘Chimie 
Vegetale et Agricole.” Tome IV, Chap. VI, Paris, 1899), in an investigation of Cynosurus 
cristatus, found that the loss of sulphur, from the leaves and ears, was from 3 to 20 times 
as great as the loss of phosphorus. 
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hydroxide, calcium carbonate, calcium acetate, and sodium car- 
bonate) are added to the substance before ashing, or in which 
fusion with alkalies is employed with or without previous oxida- 
tion in the wet way. 

B. Methods of oxidation in the wet way, not accompanied by 
fusion with alkalies. 

C. Methods involving the use of special forms of apparatus. 

The writer has tested representative methods—twelve in all— 
trom each group, using as material for analysis, first, mustard 
seeds, the leaves of the plane tree, peas, oats and maize; secondly, 
pure protein substances such as edestin, excelsin and casein; 
thirdly, soft coal and hard coal. As the result of numerous anal- 
yses it became obvious that the figures for sulphur obtained by 
existing methods could not be regarded as final—since the 
methods were, in every case, open to some objection or other, 
It seemed a useful task, therefore, to try to work out an accurate, 
convenient and inexpensive method for the determination of sul- 
phur in plant-stuffs and organic substances generally. It is con- 
fidently believed that such a method has been developed. 

In addition to the comparison of existing methods, and the 
working-out of the method to be described later, several points 
of more purely scientific interest were investigated. Among these 
may be mentioned the determination of the amounts of sulphur 
lost during ashing, both with and without the previous addition 
of alkalies, potassium nitrate or nitric acid; and the investigation 
of the proportion between the sulphur volatilized during the pre- 
liminary charring and that lost during the final burning of the 
charred mass to an ash. 

The work—a much-abbreviated account of which follows— 
was carried out in the Agricultural Chemical Laboratory of the 
University of Gottingen, under the friendly guidance of the Ge- 
heimrath Professor B. Tollens. 

DESCRIPTION OF THE METHOD AS FINALLY EMPLOYED. 

It will be convenient to begin by describing, as completely and 
accurately as possible, the process as it was finally adopted. A 
detailed account of the many experiments made in the develop- 
ment of the method would take up too much space. Some of the 
more important points will, however,-be mentioned briefly at the 
end of this description. 
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It should be said that the method is not difficult, and that one 
may be assured of obtaining good results, after the first trials, 
if close attention is paid to the following particulars and di- 
rections. 

Arrangement of Apparatus.—A combustion tube of Jena glass, 
60 or 70 cm. in length and 1.5 cm. in diameter, is drawn out at 
one end and bent down. At about 30 cm. from the bend a side 
tube of the same kind of glass, and of 6 to 7 mm. internal diam- 
eter, is fused on to the combustion tube. Such a joint is made 
without special difficulty by a skilled glass-worker. Mr. Mittel- 
bach, in Gottingen, has made several for me, and I have been able 
to use one and the same tube in some fifteen or twenty combus- 
tions. The part AD of the main tube is from 30 to 40 cm., de- 
pending on the number of boats to be used and the amount of 

















Fig. 1. 


substance to be burnt. A convenient length for DB is 30 cm. 
This allows a little play at the end of the furnace, marked in the 
figure by the line HH. The lateral tube rises vertically about 
3 or 4 cm. so as to clear the furnace, and is then bent approx- 
imately at right angles so as to rest on the side rail of the furnace. 
The tube is dressed in the following manner: At G is placed a 
perforated disk of platinum foil provided with a loop of platinum 
wire as a handle. This is pushed into place by means of a long 
glass tube. A plug of asbestos may be substituted, but the plat- 
inum is cleaner and more convenient to handle in the subsequent 
operations. If asbestos is used it must first be ignited in such 
a way that it does not come into contact with the naked Bunsen 
flame. The column of absorbing material F, from 12 to 20 cm. 
in length, depending on the amount and nature of the substance 
to be burned, is next filled in. In the first experiments pure 
granulated sodium carbonate was used for this purpose. It was 


found, however, that the resulting solution was inconveniently 
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Tich in salts, and in order to avoid this the following method was 
resorted to, for diminishing the quantity of soda used and yet 
obtaining a long absorption column. Clean sand was thoroughly 
extracted with pure acids, washed, and ignited. A portion of it 
was then transferred to a dish with 3 grams of sodium carbonate 
and enough water to dissolve the latter. The mixture was care- 
fully evaporated to dryness, with gentle stirring, and the resulting 
coarse powder, consisting of sand grains coated with a thin layer 
of sodium carbonate, was sifted free from fine dust. Afterwards 
fragments of pure quartz, as uniform as possible in size and no 
larger than split peas, were substituted for the sand grains and 
found preferable. In this way it was possible to obtain a column 
25 cm. long by using only 2 or 3 grams of salt—a sufficient amount 
for the absorption when it is distributed in this finely divided 
condition. The purity of the sodium carbonate used was estab- 
lished in two ways: First, by heating 25 grams to redness in a 
current of oxygen in the combustion tube, and secondly by mixing 
the same weight with several grams of potassium chlorate and 
projecting the mass into a red-hot platinum crucible. In both 
cases not a trace of sulphate was found. 

A spiral of platinum wire, E, one end of which is formed into 
a hook, is now pressed on top of the quartz-soda column. It 
should fit the tube, so as to act as a light support for the column. 
The front of the spiral should be directly opposite the opening 
of the side-tube D. The tube is now placed in the cold furnace, 
the weighed substance introduced, and the cork A, with the 
T-tube K S, inserted. The substance for analysis is conveniently 
contained in long porcelain boats. Such boats, 14 cm. long, of 
finest Meissener porcelain, are easily to be had. In the rare 
cases in which it is necessary to take larger amounts of substance 
for analysis, the substance may be filled into a cylinder of pure 
filter-paper a little smaller in diameter than the combustion tube, 
the ends of the cylinder twisted together, and the whole pushed 
into position. The paper burns off and does not interfere with 
the combustion. The use of boats—usually two are enough— 
offers, however, the considerable advantage that ash determina- 
tions may be made simultaneously with the sulphur determina- 
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tions. A space must be left, about 5 or 6 cm. long, between the 
front of the substance and the platinum spiral at E. This is in- 
dispensable, as will be seen later. A “safety-beaker’” containing 
a little water is placed at C, inorder to furnish a test as to the 
completeness of the absorption. It may be remarked that in no 
case was the slightest trace of sulphuric acid found here in using 
the method now described. The side-tube D is connected with 
an oxygen supply, and the tubes K and S with sources of carbon 
dioxide and oxygen respectively. All these gas-streams pass 
through small wash-bottles or bulbs to render the speed of the 
stream ascertainable, and are controlled by screw-clamps on short 
pieces of rubber tubing. The part of the tube near the cork is 
not to be heated, and is best kept free from any support in order 
to avoid the danger of charring the cork. 

The Combustion.—Everything being arranged as above de- 
scribed, the clamps at S and D, controlling the oxygen, are closed. 
A slow current of carbon dioxide is passed in through K, and the 
part of the tube from E to H is heated to a low red heat. It is 
advisable to have the temperature a little higher at E, than at H, 
and gradually diminishing along the tube from E towards H, 
where a temperature below dull red heat is to be maintained.? 
When the part E H is hot a very slow stream of oxygen is ad- 
mitted through D, the carbon dioxide stream being left unaltered, 
and the heating is now carried very gradually from E towards 
the boat M.* One burner, sufficient to prevent any back distilla- 
tion, is lighted near A. ‘The instant the substance in the front 
part of the boat M’ begins to char, the oxygen stream through 
D is increased, and after a short time—usually only a few sec- 
onds—the platinum spiral at E begins to glow, and the gases 
from M’ catch fire in the excess of oxygen and burn with a small 
flame at or near the spiral. It is best in beginning to have a 


1 In order to ascertain how closely duplicate or triplicate ash determinations made in 
this way might agree, the following experiment was made. A row of three boats was 
used in a combustion of oat-seeds, and the three ashes were weighed separately with the 
following results : 

Weight of substance. Weight of ash. Per cent. ash. 
++ 1.9040 0.0686 3.60 

+++1.1820 0.0422 3-57 

ocesece sO. 9276 0.0286 3.42 

* In this way one is sure that, if by accident the temperature rises even considerably 

too high at E during the combustion, the gases will, nevertheless, meet with a sufficiently 

long layer of absorbing material at the proper temperature before leaving the tube. 

8 The reason for leaving the empty space will now be clear. If no space were left, 
the substance would begin tochar (owing to the conduction of heat by the body of the 
furnace) before the absorption column was ready, and a loss of gases would ensue. 
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fairly strong oxygen stream going through D. Once the gases 
have caught fire, the adjustment of the stream at D is an easy 
matter, the position and shape of the disk of flame itself indicating 
the state of affairs. In the accompanying figure (Fig. 2), the 
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F b 
Fig. 2. 

line a b shows in section the position assumed by the disk of flame 
when the oxygen supply is properly adjusted. When the flame 
becomes vertical and travels off towards the substance, assuming 
the position E F for example, a needless excess of oxygen is being 
used. On the other hand, if the oxygen be insufficient, the gases 
from the char tilt the disk of flame into some such position as 
that represented by c d. In this case the lower edge d begins to 
flutter, the flame turns smoky, and carbon is deposited on the 
first portions of the sodium carbonate. The soot, however, almost 
instantly disappears if the oxygen supply is momentarily in- 
creased. A supply of oxygen which just prevents the deposition 
of soot is sufficient. 

From this moment on, the combustion goes forward almost 
automatically. The heating is gradually extended towards the 
front end of the tube—the cork end. A high temperature should 
be avoided. All that is aimed at in this stage is the complete 
charring of the substance, and this takes place below red heat. 
The gases from the charring mass are carried by the stream of 
carbon dioxide (which may now be made very slow) to the flame. 
It will be seen at once that it is impossible for an explosive mix- 
ture to be formed between D and A, since the gases are prevented 
by the carbon dioxide stream from mixing with oxygen until 
they reach the surface of the flame, beyond which sharply defined 
surface there is a large excess of oxygen. As a matter of fact, 
the writer has never had such an explosive mixture when opera- 
ting in this way. An attempt to substitute air for the carbon diox- 
ide was, however, unsuccessful. 
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When the whole substance is charred, the flame assumes a verti- 
cal position and travels slowly towards the boat. If an attempt 
is now made to bring it back to ab by diminishing the supply of 
oxygen the flame grows smaller, flickers, and goes out. At this 
point the burners along the length from D to A are turned up, 
the carbon dioxide supply is shut off, and a stream of oxygen is 
passed through S, the oxygen stream at D being diminished but 
not entirely shut off. When the char has gained a proper tem- 
perature, the end nearest A takes fire in the oxygen and the mass 
glows steadily from A towards D. When the carbon is all con- 
sumed, the oxygen supply at D is stopped, that at S diminished, 
and the temperature is gradually lowered during ten minutes, 
when the burners are shut off, the oxygen stopped, and the tube 
allowed to cool somewhat in a slow stream of carbon dioxide. 

Subsequent operations.—If boats have been used, they are now 
transferred to thin weighing tubes and placed in the desiccator 
while still warm. The ash is weighed, and then treated according 
to the well-known analytical methods for the determination of 
sulphuric acid in plant-ash. This sulphuric acid, expressed in 
per cent. of the dry substance employed, I have called throughout 
“the non-volatile SO,.” The sulphuric acid obtained from the 
absorption-column after treatment as described below I have 
called “the volatile SO,.” It is practically certain that the volatile 
sulphur is not entirely present in the plant as sulphuric acid, but 
both portions of sulphur are expressed as SO, because of the 
resulting convenience in comparing the results. If the object is 
merely to determine the total sulphur of the substance, the solu- 
tion of the ash, ready for precipitation with barium chloride, is 
simply added to the solution obtained, as below, from the ab- 
sorption-column, and the two precipitated together. 

The tube is now removed from the furnace and the outside is 
cleaned. The spiral of platinum wire E is removed by means 
of a giass rod with a hooked end and the quartz fragments are 
shaken out into a dish standing on a sheet of glazed paper, any 
portions which stick being easily loosened by the rod. The disk 
G is removed, and E and G are rinsed into the dish with hot 
water. The combustion tube is also rinsed with hot water. Two 


courses are now open for the treatment of the quartz-soda, as 
follows: 
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(a) The whole mass is treated with dilute hydrochloric acid, 
carefully added in small portions, the dish being covered with a 
watch-glass or funnel as usual, until the solution is acid. The 
solution is then evaporated to dryness over an alcohol lamp-flame, 
the residue treated with a little concentrated hydrochloric acid, 
again evaporated, moistened with hydrochloric acid, allowed to 
stand for a few minutes and dried at 110°-115° for thirty minutes, 
The mass is then repeatedly extracted with successive small quan- 
tities of hot water, which are filtered through pure paper into a 
beaker where the precipitation with barium chloride is carried 
out as usual. In order to make sure that the sulphate is com- 
pletely extracted, a few drops of hydrochloric acid are added 
before the first extraction with water, and the washing is con- 
tinued until no trace of acid is left. The amount of silica left 
on the filter-paper is always small, but some is always present. 
‘The quartz fragments are now clean and ready for coating with 
sodium carbonate again. 

(b) The other method of treating the quartz-soda, preferred 
by the writer, is as follows: The mass is treated with hot water, 
stirred well, allowed to settle, and the solution filtered into a 
4-inch evaporating dish. This extraction is repeated. Enough 
dilute hydrochloric acid is now added to the quartz fragments 
to give an acid reaction—usually only a few drops are necessary. 
The extraction with successive small portions of hot water is 
now continued until the solution, tested as it runs from the end 
of the funnel, is no longer acid. The combined solution and 
washings do not need to exceed the contents of a 4-inch dish. 
The liquid is now concentrated to a small bulk over the alcohol 
flame, acidified with hydrochloric acid, evaporated to dryness and 
treated as before described. 

Notes on the Method.—The time necessary for the actual com- 
bustion of a sufficient amount of a plant-stuff does not exceed, 
after a little practice, thirty minutes. Samples of coal take longer 
than plant-stuffs, and albuminous substances may need one hour. 

Two points must be kept in mind: The operation of charring 
must be conducted slowly, and an excess of oxygen must be used. 

Two other methods of absorbing the products of combustion 
were experimented upon. In the first of these the back part of 
the combustion tube, where the sodium carbonate was placed 
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in the method just described, was filled with small fragments of 
well-cleaned and ignited porcelain. This part of the tube was 
kept at a good red heat during the combustion. The gases passed 
from the tube through two bulb U-tubes charged with a solution 
of bromine in hydrochloric acid. This solution, together with 
the washings of the combustion tube, was afterwards evaporated 
to dryness with a little potassium nitrate, and the sulphuric acid 
determined as usual. This method was abandoned because the 
large volume of absorption-liquid necessitated a tedious evapora- 
tion, and because the absorption of the sulphur compounds was 
not always complete. (The first experiment in Section 3 of this 
paper was made with the apparatus just described. ) 

Recourse was therefore had to the absorption apparatus of 
Classen and Bauer, slightly modified to fit the drawn-out end of 
the combustion tube. The apparatus, as used, consisted of a 
vertical tube filled with glass beads. The tube ended below in a 
narrower part provided with a glass stop-cock. This narrow 
part carried a side arm bent up so as to fit the drawn-out end of 
the combustion tube. At the top, the absorption tube was fitted 
with a cork carrying a stoppered separating funnel by means 
of which the absorption liquid could be allowed to drip slowly 
over the glass beads. The gases entered at the bottom, ascended 
through the wet beads, and were then conducted through a small 
“safety-beaker” containing water. This form of absorption ap- 
paratus was found to give very satisfactory results. It could not, 
however, be made entirely automatic, but always demanded some 
share of the operator’s attention, thereby increasing the difficulty 
of controlling the combustion as a whole. The use of the quartz- 
soda column is easier, and all cork connections are avoided. 

In order to avoid any possibility of error from the introduction 
of sulphur compounds from the coal-gas flame, all evaporations 
were made over the flame of an alcohol lamp. 

Blank tests were made several times. The combustion tube, 
charged ready for use, was heated to redness for one hour, while 
slow streams of carbon dioxide and of oxygen (from the same 
sources as those used in actual analyses) were led through. The 
sodium carbonate was afterwards dissolved in hydrochloric acid, 
a little bromine was added, and the solution was evaporated to a 
small bulk and then tested with barium chloride. In no case was 
the slightest trace of precipitate observed. 
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OTHER METHODS FOR THE DETERMINATION OF SULPHUR. 


In all, twelve methods were tested. The more important of 
these are considered below, together with the various sources of 
error noted and the conclusions to be drawn as to the values of 
the different methods. 

Sauer’s Method.1—The principle of the method is combustion 
in a stream of oxygen, and absorption of the gaseous products 
of combustion in acidified bromine water in bulbed U-tubes. The 
gases from the charring substance are burnt at a covistriction in 
the tube by the help of an oxygen stream coming in the opposite 
direction through a narrow tube passing through the cork in the 
back end of the combustion tube. The method proved difficult 
of manipulation. It was hard to prevent the fusing together of 
the tube at the constriction, and the oxidation of the gases was 
not complete. 

Berthelot’s Method was more carefully tested. The method is 
described in Chap. IV, Tome 4 of Berthelot’s ‘Chimie Végétale 
et Agricole.” The substance, contained in boats in an ordinary 
straight combustion tube, is burnt in an oxygen stream coming 
from the front end of the tube, and the gases are absorbed in 
heated sodium carbonate in the rear of the tube. Berthelot’s 
directions were carefully followed, but the results obtained were 
exceedingly unsatisfactory. It was not possible to get a com- 
plete combustion, for the evolution of great quantities of grayish 
brown vapors and tarry products could not be avoided. These 
products passed through the layer of sodium carbonate without 
being absorbed, and entered the “safety-beaker.” In every case 
this “safety-beaker” contained sulphurous and sulphuric acid after 
the combustion. The tarry substances rapidly coated the sodium 
carbonate with a black layer which interfered with the absorption 
of the sulphuric acid. It was evident that there was a constant 
lack of oxygen, and this is very natural, since the oxygen enters 
at the front of the tube and the substance begins to burn at this 
end. The heat evolved by this combustion causes a kind of dry 
distillation of the part of the substance nearer the absorption 
column. The products of this distillation are partly decomposed 
by the hot sodium carbonate with the resulting deposition of 


1 Fresenius: Zischr. anal. Chem., 12, 32and 178; see also Mixter: Am. Chem. J., 2 
No. 6. 
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carbon, but this decomposition is never complete, and tarry 
products containing sulphur compounds pass through and escape. 
It seemed possible by using a very rapid stream of oxygen to keep 
the sodium carbonate clear, but for this purpose the stream had 
to be so rapid that complete absorption of the products of com- 
bustion was out of the question. The writer’s method is based 
on that of Berthelot, but the modifications are all-important and 
essential for the success of the process. Some of the results ob- 
tained by the original Berthelot method are given in the tables at 
the end of this section. It will be seen that enormous losses of 
sulphur took place in almost every case. 

Method V. Simple Ashing.—For the sake of comparison sev- 
eral determinations of sulphur were made in the ashes of the plant 
slibstances obtained in the ordinary way by ashing over the Bunsen 
flame, or over an alcohol lamp, in a platinum dish. -The results 
are given in the tables. 

Method VI. Ashing with Calcium Acetate in the Tucker Cru- 
cible-—Tucker’s directions! for the preparation of calcium acetate 
and the use of the crucible were closely followed. The method 
was, briefly, as follows: The substance was weighed into the 
crucible and mixed with calcium acetate solution until wet 
throughout. The crucible was placed, without lid, in the special 
iron oven, and the mixture first dried and then charred until no 
more gases were evolved. ‘The crucible was then transferred 
to a support of asbestos board, the lid was fitted on and made 
gas-tight, the connections with the small wash-bottle and the 
aspirator were made, and the final ashing was made over a small 
flame, the contents of the crucible being stirred from time to time 
by means of the special stirring apparatus and a slow current of 
air being drawn through. The contents of the wash-flask were 
then poured into the crucible, the liquid was evaporated and the 
crucible brought to low redness, cooled and weighed. The added 
calcium oxide was deducted from the weight of the ash found. 
The sulphuric acid was then determined in the ash, after the sep- 
aration of the silica, in the usual way. The results are given in 
the tables. The following losses of sulphur, expressed as per cent. 
of SO, in the dry substance, were observed : 


1See Journal f. Landwirtschaft., 48, 64, (1900) 
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TABLE I. 
Substance. True per Found by Loss by Tucker method. 
. cent. SOz. Tucker 
method. 
Mustard seeds....... 2.869 1.281 1.588 or 55.2 % of the whole SO,. 


1 - “6 “6 66 6“ 
Plane-tree leaves..... 2.585 fen Lane polos He 


(6) 2.025 | (5) 0.560 “ 21.6% “* as 
+e a a." * 
(6) 0.249 | (6) 0.162 * 39.4 °° * 
OBER oc siale'siosicn aeiciasts 0.475 (6) 0.130 0.345 ** 72:0 ** 
There can be no doubt that the use of calcium acetate is valuable 
in preventing errors due to the fusion of the ash and to the 
formation of difficultly fusible silicates. Without calcium acetate 
the results by the Tucker process coincide roughly with the “non- 
volatile SO,,” as found by my method. It must be said that the 
process as described CAN NOT give exact results for sulphur. The 
loss of sulphur compounds during charring (when the crucible 
is still open) is the source of error. As will be shown later, the 
loss during this stage is much greater than in the burning of the 
charred mass to an ash. 

Method VII. Ashing with Addition of Sodium Carbonate.— 
The substance was mixed in a porcelain crucible with an amount 
of sodium carbonate varying in the different experiments from 
half the weight of the analyzed substance to three or four times 
its weight. The mixture was charred, with gentle stirring, at 
the lowest possible temperature, and the carbon remaining was 
burnt by adding small successive portions of the finely powdered 
potassium nitrate or chlorate. (The former is to be preferred, 
since less is needed and the resulting mixture fuses more readily.) 
The heat was now increased and the mass fused. After cooling, 
the crucible was cleaned on the outside and the sulphur trioxide 
(SO,) determined in the melt as usual. In the tables the amounts 
of sodium carbonate used and the nature of the flame over which 
the ashing and subsequent evaporations were made are indicated. 
The results are exceedingly interesting, and are discussed in full 
in the conclusions.? 

Method VIII. The Eschka-Heath Method.-—The method was 
tested with three samples of coal, with mustard seeds, and with 


1 (a) without addition of calcium acetate ; (4) with addition of calcium acetate. 

2 See p. 363. 

3 Ocester. Zischr., 22, 111, and Chem. Centrbl. (3 Folge) §, 301; also, This Journal, 21, 
1127. 
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casein. The results are given in the tables. The method 1s, 
briefly, as follows: “One gram of the substance is mixed with 1 
gram of light and porous magnesium oxide and 0.5 gram of 
pure, dry sodium carbonate in a 75 cc. or 100 cc. platinum dish. 
The dish is then gradually heated over an alcohol lamp with 
frequent stirring. Towards the end the bottom should be at a 
low red heat. When the carbon is all burnt, the mixture is trans- 
ferred to a beaker, and the dish rinsed, about 50 cc. of water 
being used. Fifteen cc. of saturated bromine water are then added 
and the whole boiled for five minutes and then allowed to settle. 
The liquid is decanted through a filter, and the residue again 
extracted with 30 cc. boiling water, filtered and washed. The 
volume of the filtrate should be about 200 cc. One and a half cc. 
of concentrated hydrochloric acid are added, and the now liber- 
ated bromine is boiled out. Ten cc. of 10 per cent. barium chlo- 
ride solution are used for the precipitation, which is carried out 
as usual.” The method does not give exact results for the total 
sulphur. In the case of the samples of coal investigated, the loss 
by this method was from 3.5 to 18.2 per cent. of the whole sul- 
phur. Further, duplicate determinations on the same sample of 
coal did not give concordant results. With plant-stuffs the re- 
sults were even worse. Mustard seeds lost over 23 per cent. ot 
the total sulphur. 

With substances like casein the method fails utterly (see table 
of results). 

The best that can be said for the Eschka-Heath method is, 
therefore, that it is easy to carry out, but gives only a rough 
approximation to the total sulphur of a coal, and quite unreliable 
results with plant-stuffs and albuminous substances. 

The Effect of the Magnesium Oxide and of the Sodium Car- 
bonate in the Eschka Method.—It was deemed of interest to com- 
pare the effect of the two alkalies. The substance used for anal- 
ysis was mustard seed containing 1.148 per cent. sulphur. 

First, two determinations of sulphur were made exactly ac- 
cording to Eschka-Heath; that is, with the addition of an equal 
weight of magnesium oxide and half the weight of sodium car- 
bonate. Secondly, the substance was ashed with half its weight 
of sodium carbonate, no magnesium oxide being added, but the 
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treatment otherwise being exactly as before. Thirdly, the sub- 
stance was ashed with an equal weight of magnesium oxide and 
no sodium carbonate. 

The mean of three determinations in which the substance was 
ashed with an equal weight of sodium carbonate is also adduced 
in the following table. The results show clearly that the reten- 
tion of the sulphur is due almost entirely to the magnesium oxide 
added, since the figure obtained without sodium carbonate is 
practically the same as the average of the results by the unaltered 
Eschka-Heath process. 


TABLE IT. 


True per cent of sulphur. .....2ssccsccccccscccces coves 1.148 
) 0.828 

By Eschka-Heath a ML CA sd srsieecdieisiswniviesieares 0.878 

With equal weight magnesium oxide ........-----.eeees 0.868 

With equal weight sodium carbonate.........s+-eeeeees 0.613 

With half the weight of sodium carbonate.............- 0.488 


Method IX. Treatment with Potassium Hydroxide and 
Nitrate.-—The substance was weighed into a nickel dish and an 
equal weight of solid potassium hydroxide added. Enough water 
was added to wet the mixture, and the whole was then evaporated 
to dryness four or five times. The blackish residue (in the case 
of plant-stuffs) was charred at a low temperature and the carbon 
burnt off with the help of finely powdered potassium nitrate. The 
mass was then fused, treated with water, transferred to a porce- 
lain dish, evaporated with hydrochloric acid, etc. The figures 
obtained were higher than those obtained by the Tucker method, 
the Eschka method, or by ashing with sodium carbonate. There 
was, nevertheless, a considerable loss of sulphur. 

Method X. Fraps’ Process..—The method is, briefly, as fol- 
lows: The plant substance is treated with concentrated nitric 
acid and warmed until the danger of overflowing is past. The 
solution is then partly evaporated, a solution of potassium nitrate 
added, and the whole is evaporated to dryness, and ignited, at 
first gently, finally over the blast-lamp until white. The result- 
ing ash is treated as usual for the determination of sulphuric acid. 
For a full description of the method the original paper should be 
consulted. 

Fraps found that the addition of calcium acetate gave better 
1 This Journal, 24, 346. 
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results than simple ashing, but that his method gave from 1.3 
to 2.7 times as much sulphur as the calcium acetate method. He 
concludes, justly, that “it is evident that the calcium acetate 
method does not give correct values for the total sulphur.” 


The writer made determinations of sulphur exactly according 
to Fraps in a number of plant-stuffs. The final ignitions were, 
however, made over a Bunsen flame, since the use of a blast-lamp 
seemed certain to lead to error from the absorption of sulphur 
compounds from the flame. The following losses, expressed as 
per cent. of SO, in the dry substance, were noted: 

TABLE III. 


Substance. True per Found by loss by Fraps’ process. 
cent. SOx. Fraps’ 
process. 
Mustard seeds........-- 2.869 2.495 0.374 0r 12.7 % of the whole SO,. 
Plane-tree leaves July 15 1.388 1.326 .0.062 “ 4.6 “* “ “ 
Plane-tree leaves Aug. 22 1.681 6am 0.076" 4.5 = “ 
WAZ kode cadens ceenes 0.350 0.30 0.050 se 13.0 “6 4 ‘6 
OGES. vic cess set ecccenceeee 0.47 0.40 0.075 “ 14.2 rT 
Cageitt BY) -ccke. cus creces 0.763 0.34 0.423 “56.48 
Casein (5) .--...--eeee 0.785 0.357 0.428 ‘56.70 © “ 


The results given in the following tables show that the method 
is better than the Tucker process. In no case, however, was a 
perfect result obtained, and the investigation in Section 3 of this 
paper shows why this must be the case. 

The method, as published, is open to serious objections. The 
plant substance swells enormously, even in the cold, on addition 
of the acid, and overflowing is hard to avoid. Charring takes 
place suddenly with a violent evolution of gas, the whole dish 
being filled with spongy carbon. This may well occasion a slight 
mechanical loss, in addition to the loss by volatilization during 
charring. The carbon is hard to burn, and the dish often breaks 
in the flame. The use of a blast-lamp flame, especially when, as 
in this method, potassium carbonate is present, seems certain to 
result in absorption of sulphur from the flame. It is probable 
that most of the figures obtained by this process are increased 
by this cause; yet, even so, they are lower than the correct values. 
The heat of an alcohol lamp would not, however, suffice. The 
method fails utterly with casein, giving less than half the total 
sulphur. Other albuminous substances would probably yield 
similar results. . 
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Method XI. Treatment with Hydrochloric Acid and Potassium 
Chlorate-—The substance was digested in a large dish for three 
hours with concentrated hydrochloric acid and successive small 
portions of potassium chlorate. The solution was then repeatedly 
evaporated to dryness with fresh portions of hydrochloric acid. 
The dried mass was finally charred, and the carbon burnt off 
with the help of more potassium chlorate. The silica was sepa- 
rated, and the sulphur trioxide determined as usual in the filtrate. 
The method was long and inconvenient and gave no better results 
than ashing with an excess of sodium carbonate. 

In the following table (Table IV) are given some of the ana- 
lytical results obtained by the various methods tested. The re- 
sults obtained by methods VIII, IX and XI are not included, 
but in every case the sulphur trioxide found by these methods 
was too low. The results obtained from coal and from pure 
albuminous substances are given separately later. 

RESULTS WITH PROTEINS. 

In order to demonstrate the applicability of the method to the 
determination of sulphur in pure protein substances, several anal- 
yses were made of carefully purified casein, fibrin from horse- 
blood, edestin and excelsin. 

Casein.—Two specimens were investigated. Preparation A 
was taken from the collection of Professor Tollens. It contained 
12.6 per cent. water and 1.13 per cent. ash. The ash contained 
no sulphur, and determinations of phosphoric acid and calcium 
led to the conclusion that it consisted entirely of calcium phos- 
phate. The other specimen, preparation B, was made by the 
writer according to the method used by Chittenden and Painter. 
It contained 12.01 per cent. water and 0.37 per cent. ash. The 
ash was free from sulphur. 

Fibrin.—Horse-blood fibrin was washed until quite clean and 
free from color, the last washings being made with distilled 
water in order to free the preparation from calcium salts. The 
product was treated with alcohol and with ether until it became 
brittle enough to be powdered. It was then dried at 98° and 
preserved in a stoppered bottle inside a desiccator. The prepara- 
tion contained 0.745 per cent. moisture and 0.63 per cent. ash in 
the dry substance. The ash contained no sulphur. 
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TABLE IV.—ABSTRACT FROM RESULTS WITH PLANT-SUBSTANCES. 
Per cent. sulphur trioxide in the dry substance. 








Substance. According to the Barlow- Method ITI. Method V. Method VI. Method VII. Method X. 
Tollens method, as de- Berthelot’s process. Simple Tucker Ashing with Fraps’ 
scribed in this paper. ashing. process. sodium carbonate. process. 
Non-vol- Vol- Total. Non-vol- Vol- ‘Total. 
atile. atile. atile. atile. 
0.345 2.54 2.885 (a) 0.354 1.492 1.846 Mean 1.284 (db) 1.50 ) 2.46 
0.445 2.38 2.825 (a) 0.395 2.240 2.635 of 12 1.279 (6) 1.44 }(c) 2.53 
0.36 2.472 2.832 0.361 1.410 1.771  deter- eee 1.66 J .e 
Black 0.36 2.50 2.86 owen owe re mina- Seta 17a) 
mustard 0.32 2.53 2.85 act GRRE awl tions rae 1.79 f (d) a 
seeds 0.33 2.56 2.89 Sere. WENN. 86 NIG 0.363 sees 1.22 (@) ee 
0.365 2.49 2.855 sane Mente rare er eis vi im Cy 2) a 
0.369 2.49 2.86 eee cee or aaiere eines cae : ne 
0.354 2.52 2.874 see. sees eee eee eee cece i 
Leaves of Mean of 2 analyses : 1.59 (g) Mean of 4 analyses: 
plane-tree 1.995 0.593 2.585 1.86 (9) acagr (oF) 
collected mr ee a eee 1.95 (0) oS ea 
Oct. 24th ee cece cece 2.10 (db) eee 
Plane-tree leaves Mean of 3 analyses: 1.29 (c) Mean of 3 analyses : 
collected July 15th 0.758 0.64 1.388 1.33 (d) 1.326 
Plane-tree leaves Mean of 3 analyses : aed Mean of 3 analyses : 
collected Aug. 22d 1.048 0.597 1.681 1.037 1.272 (¢) 1.605 
_— Mean of 5 analyses : 0.094 (2°) 0.306 (2@) 
° 0.075 0.336 0.411 0.249 (6) 0.372 (Cc) 
‘ , 0.398 (d) 
White American Mean of 3 analyses: 0.0026 0.19 (da) Mean of 2 analyses : 
maize 0.002 0.352 0.354 0.004 0.30 
Mean of 5 analyses : Mean of 2 analyses : 0.13 (6) O.11 (Cc) Mean of 2 analyses : 
Oat seeds 0.012 0.467 0.475 eee sees 0.192 0.13 (0) 0.16 (a) 0.40 


Notes.—(a) Using bulbed U-tubes charged with bromine in hydrochloric acid for the absorption; (4) with addition of 
calcium acetate; (c) with an equal weight of sodium carbonate ; (@) with twice the substance’s weight of sodium carbonate ; 
(e) with one-half the substance’s weight of sodium carbonate ; (/) with a large excess of sodium carbonate ; (g) without 
addition of calcium acetate. In the first determination (Plane-tree leaves of Oct. 24th) the ash was not completely oxidized. 
Some sulphur was left as sulphide, and, on dissolving the ash, was lost as hydrogen sulphide. The result is included because 
such an error is easily made in carrying out the Tucker process. 

The results obtained by the methods VIII, IX, and XI are not included, but in every case the sulphur trioxide found was 
much too low by these methods. 
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Edestin.—The crystalline globulin of hemp seed was prepared 
according to the method of Osborne.’ See also Leipziger,? and 
Chittenden and Mendel.* The product was entirely crystal- 
line. The crystals were octahedra and combinations of the octa- 
hedron and hexahedron. They varied in size from 1/,.) mm. to 
1/,, mm. in diameter. The reactions corresponded exactly with 
those of Osborne’s preparation 5. The dry substance gave 0.299 
per cent. ash, which was quite free from sulphur. 

Excelsin.—The globulin of the Brazil-nut was prepared essen- 
tially according to Osborne. The specimen used for analysis was 
snow-white in color, and consisted wholly of the hexagonal plates 
with rounded outlines, as described by Osborne. Another prep- 
aration, made in a slightly different manner, consisted of ex- 
tremely minute crystalline particles. Some of these resembled 
the hexagonal plates mentioned above, but the large majority 
were triangular plates with curved outlines and an inner nucleus. 
The substance analyzed contained 1.24 per cent. ash in the dry 
substance. The ash contained no sulphur.’ 

The results obtained with proteins are given in Table V. All 
evaporations were made over an alcohol flame. 

TABLE V.—RESULTS WITH PURE PROTEINS. 





Ashing 
Barlow-Tollens method. with equal . 
- Eschka- weight of Sodium 
Per cent. Per cent. Heath Fraps’ sodium peroxide 
sulphur Per sulphurin method. method. carbonate. method. 
in dry cent. ash-free Percent. Percent. Percent. Percent. 
Substance. substance. ash. substance. sulphur. sulphur. sulphur. sulphur. 
0.76 a 0.768 0.441 0.344 0.127 
Casein 4 0.75 1305 0.758 aesors 0.283 0.180 
ae oe oo esieie 0.371 while cece 
0.79 0.23 0.792 sows 0.39 cess 0,635 
Casein B 0.782 0.42 0.785 exetets 0.29 see 0.730 
0.777 0.47 0.780 .. 
asp os 1.208 0.655 1.216 
Fibrin ee 
1,206 0.608 1-253 
: 0.845 0.240 0.847 
Edestin { 45 4 47 
10,842 0.359 0.845 
: . E. T.25 
Excelsin §t.24t 46 59 


(1.250 1.03 1.263 aise ssibic tthe sista 
Results of Other Authors.—Casein. Hammarsten (Zéschr. phystol Chem., 
7, 269) found 0.78 per cent. sulphur ash-free. Chittenden (Studies from 
physiological laboratory of Yale Univ.,Vol.II, p. 156) found 0.82 percent. slu- 
1 Am. Chem. J.. 14, No. 8; also Griessmayer: ‘Die Proteide,’’ p. 271. 
* Pflueger’s Archiv., 78, 402. 
3 J. Physiol., 7, 48. 
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ash-free. Fibrin. Hammarsten (Pflueger’s Archiv, 22, 489) found 
1.10 per ceut. sulphur ash-free. destin. Ritthausen (/. prakt. Chem., 23, 
481) found o.82 per cent. sulphur ash-free. Osborne (dm. Chem. J., 14, 
No. 8) found 0.86 per cent., 0.94 per cent. sulphur ash-free. Excelsin. 
Osborne (4m. Chem. /., 14, 6€2) found 1.05 per cent., 1.12 per cent. sul- 
phur ash-free. Weyl] found 0.55 per cent. sulphur ash-free. Sachsse found 
1.37 per cent. sulphur ash-free. Ritthausen, in a crystalline product, found 
1.32 per cent. sulphur ash-free. 


SULPHUR IN COAL. 


With the object of demonstrating the applicability of the method 
to coal, and at the same time of ascertaining the degree of ac- 
curacy of the Eschka method as modified by Heath, the follow- 
ing analyses were made: The samples of coal were a brown coal 
from Vollpriehausen in Sollingen; a “brikette’’ coal made from 
brown coal; and an anthracite. The results given in Table VI 
speak for themselves. The inaccuracy of the Eschka method 
has already been pointed out. As a side issue the two methods 
in common use for the determination of sulphur existing as 
gypsum in coal were compared. It was found that extraction with 
dilute hydrochloric acid is to be preferred to boiling with sodium 
carbonate, since the residue settles quickly and may be quickly 
and thoroughly washed, and the whole operation is cleaner and 
more pleasant. In the case of brown coal boiled with sodium 
carbonate, it was necessary to warm the acidified solution for two 
or three hours and allow to stand for twenty-four hours before 
a clean filtration from the earthy residue could be made. 

SULPHUR PRESENT AS CALCIUM SULPHATE IN COAL 
(Per cent. sulphur in dry substance. ) 


Brown Brikette Non-Baking 

Method. coal. coal anthracite. 
Extraction with hydrochloric acid 0.046 0.039 0.023 
Extraction with sodium carbonate 0.033 0.04 0.027 


LOSS OF SULPHUR DURING CHARRING, 


1. Investigation of the Amount of Sulphur Lost during 
Charring, and during the Final Burning of the Charred Mass 
to an Ash, Respectively, without Addition of Alkali or Nitric 
Acid.—The combustion tube charged with fragments of porce- 
lain (without sodium carbonate), and the Classen and Bauer 
absorption tube, with a solution of bromine in dilute hydrochloric 
acid, were used.'. Mustard seeds were charred in a stream of 


(See notes on Barlow-Tollens method, at end of Section 1.) 
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carbon dioxide until no more inflammable gas was evolved. The 
heating of the boat was then stopped. The porcelain column was, 
however, heated ten minutes longer in a stream of carbon dioxide, 
in order to sweep all the products of combustion over into the ab- 
sorption tube. The combustion tube was cooled and the boat with 
the charred mass removed; the combustion tube was carefully 
rinsed into the absorption liquid, and then dried and replaced in the 
furnace. The bead tube was now charged with a fresh absorbing 
solution. The boat was now replaced and the charred mass was 
burnt in an oxygen stream. In this way the two portions of sul- 
phur trioxide were collected separately and estimated separately 
The results were as follows: ' 
EXPERIMENT I. 


Per cent. sulphur 
trioxide in substance. 








Nom GOlAtNE: cicccascccccradeunwednoueoecseavaemecanane 0.32 
Volatile (a) during the charring in carbon 
CORIO c.acé noccwiews ouesas 2.01 
Volatile (6) during the burning of the 
charred mass to an ash..-- 0.52 2.53 
Total 2.85 
EXPERIMENT 2. 
NORSVOIMIS «cc ceecucteucs coc acucnceematednunnuncgeed 0.33 
Volatile. (2) <cesesisccecccscecswccnceiedes 2.14 
Volatile (CA). sscvieescccurccwedaceedoeceaws 0.42 2.56 
Total 2.89 


It follows that about 80 per cent. of the total loss occurs during 
the charring. 

2. Amounts of Sulphur Lost (a) during Charring, (b) during 
the Burning of the Charred Mass to an Ash, when the Substance 
Had Been Evaporated with Nitric Acid and Potassium Nitrate— 
as in Fraps’ Method—Previous to the Combustion—The neck 
of a Jena glass retort was bent down, and fitted by means of a 
thick. piece of rubber tubing (from which the sulphur had been 
extracted by boiling with sodium hydroxide) into one limb of 
a bulbed U-tube charged with concentrated nitric acid. The 
retort neck entered about 4 inches, fitting closely. In the retort 
were placed 22.7376 grams of mustard seeds, with 80 cc. 
concentrated nitric acid and 40 cc. of 5 per cent. potassium nitrate 
solution. After the liquid in the retort had been evaporated to a 
syrup, a cork carrying a piece of glass tubing, open at both ends 
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and long enough to reach nearly to the surface of the liquid, was 
inserted in the tubule, and the farther end of the U-tube was 
connected with an aspirator. The heating was now continued 
over a small flame, while a slow current of air was drawn through, 
until charring commenced. The heat was then increased and the 
air stream quickened. When practically no more gases were 
evolved, care being taken to avoid the actual burning of the 
charred mass to an ash, the apparatus was cooled and taken apart. 

On the top of the absorption solution (A) was a layer of red 
oil(B). The main portion (A) was evaporated almost to dry- 
ness, diluted, filtered from a little oil, and precipitated with 
barium chloride. The barium sulphate weighed 0.09 gram, cor- 
responding to 0.136 per cent. sulphur trioxide in the substance. 
The oil (B) after long treatment with concentrated hydrochloric 
acid and potassium chlorate yielded 0.0124 gram barium sulphate, 
corresponding to 0.0187 per cent. sulphur trioxide in the sub- 
stance. 

The bottom of the retort was then broken out, and the charred 
mass (C) was detached as completely as possible from the glass. 
It was then powdered, together with some of the broken glass 
from which the substance could not be remuved, and burnt in 
the combustion tube used by me, in an oxygen stream, sodium 
carbonate being used as absorbing substance. This yielded 0.3015 
gram barium sulphate, corresponding to 0.455 per cent. sulphur 
trioxide. The ash in the boat (D) gave 1.3251 gram barium sul- 
phate, corresponding to 1.99 per cent. sulphur trioxide in the 
substance. 

The résumé of the results is as follows: 


Per cent. sulphur 
trioxide in substance 


( During evaporation and charring (.4)-- 0.136 wTAG 


= (B).- 0.018 
$1 During the burning of the charred mass 
_ | g§ e 5 
| toan ash in an oxyyen stream (C).-.-- 1.455 
Remaining in the ash (D)).--.++ seeeeeee 1.990 





Total 2.60 
Actual per cent. sulphur trioxide (mean 
of two analyses) -.--+++seeeee eevee or 2.869 
It is hardly to be expected, considering the nature of the above 
experiment, that the sum of the two losses above (0.6 per cent.) 
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should correspond with the average loss by Fraps’ method actu- 
ally observed (0.375 per cent.), (see Table III). 
CONCLUSIONS. 

A. Special Conclusions.—The conclusions with regard to the 
various methods tested have been given in Section 2. The follow- 
ing additional points, of more theoretical interest and importance, 
seem worthy of fuller consideration here. 

1. Effect of Addition of Sodium Carbonate before Ashing.— 
The effect varies greatly with different substances. (Compare peas 
and oats in Table VII.) That the gases from the charring, after 
addition of alkali, actually contain sulphur is shown (a) indi- 
rectly, by the low results, and (b) directly, by the following ex- 
periments. Several determinations of sulphur in mustard seeds 
were made according to my method except that varying amounts 
of sodium carbonate were mixed with the substance in the boat 
before the combustion. Sulphuric acid was found both in the 
ash and in the absorption column, the amount volatilized being 
greater when smaller quantities of soda were used. 

Table VII gives the results obtained by ashing the various sub- 
stances with varying amounts of sodium carbonate. The figures 
on the right-hand side of columns a, b, c, etc., give the percentage 
of the total sulphur trioxide which was retained in each case. 
Thus, by ashing mustard seeds without sodium carbonate: 


True content of sulphur trioxide ......---+..e++eeeeee 2.862 

Fottiel tei bine CAses craccccdnnS cio Oncameents evedisives saw 0.363 

Percentage of whole........+++eeee- 0.363 < 10o = 12.68 
2.862 


The results given in Table VII are more clearly expressed 
graphically in Fig. 3. The amounts of sodium carbonate added 
are given as abscissae a, b, c and e, corresponding to the amounts 
of sodium carbonate in columns a, }, etc., in Table VII. The 
figures on the right-hand sides of columns a, ), etc., are laid off 
as ordinates. 

Two facts are clearly expressed by the curves, in spite of their 
incompleteness: (1) The effect of the sodium carbonate in re- 
taining sulphur is much more marked in the first than in the 
succeeding stages, the curves quickly growing flatter. 

(2) None of the curves show a certainty of ever reaching the 
line A B which corresponds to the retention of all the sulphur. 
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The addition of more than twice the substance’s weight of sodium 
carbonate would evidently have no perceptible effect. Accurate 
analytical results by this process are probably impossible, since 
the addition of ten or twenty times the weight of sodium car- 
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Fig. 3.—Effect of addition of sodium carbonate in ashing. 
bonate, in the hope of retaining all the sulphur, would lead to 
analytical difficulties. 

2. The Loss of Sulphur when the Substance is Burnt Alone.— 
The loss varies greatly with different substances. With plant- 
stuffs, from 20.43 per cent. of the whole (in the case of leaves) 
to 99.43 per cent. (in the case of maize) was lost. With coal the 
loss varied from 75 to 96 per cent. In the case of albuminous 
substances, no sulphur was left in the ash. The numerical rela- 
tions are clearly shown in Table VIII. The numbers are cal- 
culated from the results of combustions according to the method 
described above, since the sulphur left in the ash by burning in 
an oxygen stream is practically the same as that left when the 
substance is burned in air in an open dish. (For example, leaves 
ashed in air gave 1.037 per cent. sulphur trioxide, and in the com- 
bustion tube 1.084 per cent.) The volatile sulphur is expressed 
as SO, for the sake of comparison. The figures for the plane 
tree-leaves are especially interesting. This was the only substance 
examined in which the sulphur retained in the ash was greater 
in amount than that volatilized. The youngest leaves show the 
greatest proportion of volatile sulphur, and the oldest the 
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TABLE VII.—EFFECT OF ADDITION OF SODIUM CARBONATE IN ASHING (See Fig. 3). 

















(a) — (co). (d) (e) . 
Ashing with addition Ashing with Ashing with 
Ashing without of half the weight addition of an equal addition of twice the 
‘True sodium carbonate. of sodium carbonate. weight of sodium carbonate. weight of sodium carbonate. 
per cent. ——-—— -+—- A , ee — ~With 1! 3 3-———— aH aond 
sulphur Per cent. Per cent. Per cent times the Per cent 
trioxide sulphur Per cent. sulphur Percent. sulphur Percent. weight of sulphur Per cent. 
in dry trioxide of whole _ trioxide of whole trioxide of whole sodium car- trioxide of whole 
Substance. substance found retained, found. retained found. retained. bonate. found. retained. 
1.44* =ok 
1.66* Sei 
Mustard seeds 2.862 0.363 12.68 ear fg 42.73 a 53-56 tees r72 61.32 
1.50 Salat 
¥ 1.755 mean 
1.533 mean 
Maize 0.35 0.0026 0.73 esee sees sees tees tees 0.19 56.06 
Peas 0.411 0.0755 18.37 0. 306 74.45 0.372 90.51 cee 0.398 96.83 
Oats 0.475 0.013 2.52 srereia see O.II 23.16 wees 0.16 33.68 
Leaves, Oct. 24th 2.585 nog’ 75.39 eee sees eoee voce seve oeee eoee 
Leaves, July 15th 1.388 0.758 54.61 pees sews 1.29* 92.92 sees L343" 95-79 
Leaves, Aug. 22d_ 1.681 1.068* 3.53 1272 75-56 tees coe sees sees ves 


NotTE.—The numbers in column (a), without stars, are the averages of results obtained by combustion in an oxygen 
stream, 
*Conducted over alcohol lamp. 
**Mean of one result by Tucker process without calcium acetate and two results by my method. 
***Mean of one ashing over Bunsen lamp and two results by my method. 
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smallest. Further, Table IV shows that the youngest leaves con- 
tain the smallest total amount of sulphur, and the oldest the 
greatest amount. In the case of maize, practically a// the sulphur 
was lost. 


TABLE VIII.—RELATIONS BETWEEN VOLATILE, NON-VOLATILE AND TOTAL 
SULPHUR WHEN THE SUBSTANCE IS BURNED ALONE. 





Ratio of 

Percentage 

Volatile Non-volatile of volatile 

Substance. sulphur. to sulphur. sulphur. 
Mustard seeds .....-++- 6.82 : I 87.1 
Leaves, Oct. 24th ..-... 0.30 I 22.9 
Leaves, July 15th......- 0.84 I 45.8 
Leaves, Aug. 22d ..... 0.55 I 35.5 
PEAS 0 0)0is19 0.90 6as0'e ae: wieiere 0.45 I 81.7 
Oats 20 cece eeeerevcee 48.9 I 97.4 
IRIE 0.510. SoS orneis:s, cise 171.0 I 99.4 
Brown coal..........-- 4.04 I 80.0 
“Briquette’’ coal.....-. 3.02 I 75.0 
Anthracite coal........ 20:2 I 96.0 


B. General Conclusions——(1) In ashing a plant-substance, a 
protein, or a coal in the ordinary manner, without addition of 
alkali, a loss of sulphur always takes place. 

This loss is always considerable, and may be, in some cases, 
enormous, even when precautions are taken to insure a low tem- 
perature and a slow and regular ashing. It is caused by the con- 
version of organic sulphur into volatile sulphur compounds and 
into sulphur dioxide and trioxide during the charring and ashing. 
A certain part of these is retained by the bases, especially by the 
alkalies, but in presence of phosphoric and silicic acids, which 
expel sulphuric acid at a red heat, the amount retained in the ash 
may be very small or even nothing. 

(2) The loss takes place even when there is a quantity of 
alkaline base present more than sufficient to combine all the acid. 

(3) The loss is diminished (but by no means entirely avoided) 
by the addition of amounts of sodium carbonate up to twice the 
weight of the substance to be ashed. The additional effect of 
adding more sodium carbonate is practically nothing. 

(4) The loss of sulphur is not entirely prevented either by the 
addition of calcium acetate before ashing (Tucker) ; or, of mag- 
nesium oxide and sodium carbonate together (Eschka) ; or by 
evaporation with potassium hydroxide followed by oxidation with 
potassium nitrate; or by evaporation with nitric acid and potas- 
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sium nitrate before ashing (Fraps). In all these cases the gases 
still contain sulphur. 

(5) By far the greater part of the loss of sulphur occurs during 
the preliminary charring, a much smaller part during the burning 
of the charred mass to ash. 

(6) Combustion in a stream of oxygen, with absorption of the 
sulphur-containing products of charring and combustion either 
in heated sodium carbonate in the combustion tube or in a special 
apparatus, gives, under proper conditions, absolute values for 
the total sulphur. Such results are, however, exceedingly difficult, 
if not quite impossible, to attain by either the original Berthelot 
method or the Sauer method. The writer considers that he has 
ascertained and described the arrangement of apparatus and the 
details of manipulation which render possible the attainment of 
such accurate results with ease and certainty. It is essential to 
burn the escaping gases completely with an excess of oxygen, 
introduced laterally at a certain point in the combustion tube, 


before absorbing the sulphuric acid from them. 


NIVERSITY OF IOWA, 
IowA CITY. 


[CONTRIBUTION FROM THE HAVEMEYER LABORATORIES, COLUMBIA 
UNIVERSITY, NO. gI.] 
THE DETERMINATION OF NITROGEN IN FOOD [MATERIALS 
AND PHYSIOLOGICAL PRODUCTS. 


By H. C. SHERMAN, C. B. MCLAUGHLIN AND EMIL OSTERBERG. 


Received January 12, 1904. 

For THE determination of nitrogen in ordinary animal and 
vegetable substances where it exists mainly as proteids or related 
compounds, some modification of the Kjeldahl method is now 
almost always employed. The various modifications differ mainly 
in that different substances are used to facilitate the decomposi- 
tion of the organic matter by the boiling sulphuric acid.1 Those 
which appear to be most extensively used are mercury (with or 
without potassium permanganate), potassium sulphate, and cop- 
per sulphate. The combination of two or more of these reagents 
has frequently been suggested and has recently been adopted 


1 Since the literature of the subject is quite extended and quite familiar to those likely 
to beinterested in the present work, specific references are omitted and the processes 
tested are indicated without detailed description. 
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to a considerable extent, especially in the agricultural laboratories 
of Germany. 

Probably most laboratories in this country use one of the two 
processes adopted bythe Association of Official Agricultural Chem- 
ists.1 In the first, the sample is treated with 20 cc. concentrated sul- 
phuric acid, and 0.7 gram mercury, boiled until colorless or of 
a pale straw color, and the solution is then treated with potassium 
permanganate to complete the decomposition of any organic com- 
pounds possibly remaining. In the scond (Gunning) method, 
the sample is treated with 20 cc. of concentrated sulphuric acid 
and 10 grams of potassium sulphate, and the solution boiled until 
colorless or nearly so. 

Various observers have noted that boiling until colorless is not 
always sufficient to insure the complete transformation of all the 
nitrogen into ammonium sulphate, and that, unless the digestion 
is prolonged beyond this point, the results are liable to be too 
low. So far as we are aware, however, this source of error has 
not been systematically studied. That it is not very generally 
appreciated in this country is sufficiently shown by the fact that 
the “official methods” have not been corrected in this respect. 
In the work here described we have studied this point as well as 
the use of different combinations of reagents, with a view to 
the selection of a simple and rapid procedure for the complete 
transformation of the nitrogen of food materials and phvsiological 
products. 


ANALYTICAL DATA. 


First Series. 
(DETERMINATIONS MADE BY x. 0. anp H. C. S.) 

Six methods of digestion were tried: 

(1) Sample + 20 cc. concentrated sulphuric acid + 0.7 to I 
gram mercury, boiled till colorless. 

(2) ‘the same, boiled one hour after colorless. 

(3) The same, boiled three hours after colorless. 

(4) Lhe same, boiled until colorless and then treated with po- 
tassium permanganate. 

(5) Sample + 20 cc. concentrated sulphuric acid + 0.7 to I 


1 Bull. 46 (Revised) Bureau of Chemistry, U. S. Department of Agriculture 
2 In many of the laboratories where this method is employed, the use of potassium 
permanganate is considered unnecessary and is omitted in routine work. 
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gram mercury + I gram copper sulphate, boiled same length of 
time as in (1). 

(6) Treated as in (5), but boiled one hour longer. 

The results of this series of determinations are shown in 
Table A. 
TABLE A.—PERCENTAGES OF NITROGEN FOUND IN FIRST SERIES OF DE- 


TERMINATIONS. 
Method of digestion. 





Substance. 


(1) (2) (3) (4) (5) (6) 

Lean meat ..-----+---- 13.05 13.09 I3.12 2.95 13.00 14.16 
Dried curd ....-. +--+. 11.69 11.82 11.80 11.63 11.65 11.79 
White of egg -.-------- 12.58 12.67 12.68 12.64 12.63 12.64 
Volk of egg -.---. +--+: 1¥.36 UL.53 j$FE52 15.48 5.35 45-52 
Beans «+++ ++ee sree seeee 3-49 3-53 3:59 3-53 3-56 3-53 
Wheat bran .---.--+6-- 2.54 2.57 2.55 2.48 2.52 2.58 

AV€Tage- +--+ eeeees 9.12 9 20 9.21 g.12 9.14 9.20 


Second Series. 
(DETERMINATIONS MADE BY C. B. McL). 

In this series the following methods of digestion were com- 
pared: 

(1) Sample + 20 cc. concentrated sulphuric acid + 0.7 to I 
gram mercury, boiled until colorless. 

(2) The same, boiled two hours longer. 

(3) Sample + 20 cc. concentrated sulphuric acid + Io grams 
potassium sulphate, boiled until colorless. 

(4) The same, boiled two hours longer. 

(5) Sample -+ 20 cc. concentrated sulphuric acid + 0.7 to I 
gram mercury, heated until frothing subsided, when Io grams 
potassium sulphate were added and the mixture boiled until 
colorless. 

(6) The same, boiled two hours longer. 

(7) The same, except that 1 gram copper sulphate was added 
with the mercury, boiling continued about as long as in (5). 

(8) The same, boiled two hours longer than (7). 

The results obtained are shown in Table B. 


TABLE B.—PERCENTAGES OF NITROGEN FOUND IN SECOND SERIES OF DE- 
TERMINATIONS. 
Method of digestion. 


: (1) (2) (3) (4) (5) (6) (7) (8) 
Hide powder .. 15.49 15.74 15.58 15.72 15.69 15.90 15.65 15.90 
Lean meat ..-. 12.75 13.08 12.93 13.18 13.00 13.22 12.88 13.21 
Peptone .....+. 12.38 12.58 12.83 12.91 12.66 12.90 12.55 12.96 
Dried curd..... 18.48 13,73 11.69. 15.78 15.73 41.70 1.70 11.52 
Average ..- 13.03 13.28 13.26 13.38 13.27 13.43 13.20 13.47 





Substance. 
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Third Series. 
(DETERMINATIONS MADE BY E, O.) 

In this series only sulphuric acid, mercury and potassium sul- 
phate were used. The methods of digestion were: 

(1) Sample + 20 cc. concentrated sulphuric acid + 0.7 to 1 
gram mercury, boiled until colorless. 

(2) The same, boiled two hours longer. 

(3) Sample + 20 ce. concentrated sulphuric acid + 10 grams 
potassium sulphate, boiled until colorless. 

(4) The same, boiled two hours longer. 

(5) Sample + 20 cc. concentrated sulphuric acid + 0.7 to 1 
gram mercury + 10 grams potassium sulphate (added after 
frothing had subsided), boiled until colorless. 

(6) Ihe same, boiled one-half hour longer. 

(7) The same, boiled two hours longer than (5). 

The results obtained are given in Table C. 

TABLE C.—PERCENTAGES OF NITROGEN FOUND IN THIRD SERIES OF Dk- 


TERMINATIONS. 
Method of digestion. 





Substance. ——— 

(1) 2) (3) (4) (5) (6) (7) 

eae cose wetaiieiaces 3.59 3.61 3.58 3.64 3.61 3.69 3.68 
NPRAG so scloetsseishes aia2eeisie 3.62 3:65. 3.65 3:66 3:65 3:45 3.60 
Gluten flour.......... 227%. 2274. 2167 - 2:90: -2:74: 2:97 2.979 
Gluten biscuit ........ 4.68 4.78 4.74 4.80 4.79 4.77 4.78 
Linseed meal ......... 7.31 7.37 7.37. 7-44 7.357046 7.51 
Cottonseed meal....... 3A 9.42 9.2y Faq JgO 7:50 (754 
BRO ve osseous 2:07. 3:07 (3209. 3:31 3:07 93:8§> -3.15 
Pepper ---- sees eeee eee 2412 23. (253-23. (286. 2.23: 19:31 
Globulin .......++-e+- 16.63 16.73 16.70 16.81 16.59 16.81 16.91 
GEA. 30:0) 6:0 s0/0sies.0'0:0 15.50 15.69 15.47 15.64 15.71 15.75 15.83 
Dried curd........2... 11.55 11.86 11.55 11.76 11.82 11.84 11.86 
White of egg.......--- 12.54 12.63 12.48 12.58 12.54 12.68 12.70 
Yolk of egg ..-.--..-- 11.49 II.61 11.41 11.58 11.60 11.59 11.63 
Lean meat-..-..+.--+.. F2:07 13:41 12:34 13:87 13:25 19.48 13.37 
Peptone .....-..s.e00. 12.68 12.81 12.68 12.89 12.56 12.88 12.91 
Hide powder.......... 15.37 15.39 15.35 15.39 15.66 15.69 15.87 
Human feces......---- 2.58 2.59 2.57 2.62 2.64 2.66 2.69 
WTC AGId® s650 2s isiease 32.81 33.21 32.88 33.06 32.94 33.12 33.18 
Average .......6- 9.92 10.03 9.9I 10.02 10.01 10.09 10.13 


* The uric acid was weighed air-dry and the results are not corrected for the small 
amount of hygroscopic moisture present. 


SUMMARY OF RESULTS. 
Seventeen substances were tested with from six to twelve modi- 
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fications of the method of digestion. In several cases similar 
substances were tested by different analysts or at different times. 

Whether the sample was decomposed by digestion with sul- 
phuric acid and mercury or sulphuric acid and potassium sul- 
phate, the transformation of nitrogen into ammonium sulphate 
was seldom, if ever, complete when the solution became colorless 
or a permanent faint straw color. 

By continuing the digestion for two hours longer, higher re- 
sults were obtained. The extent of this discrepancy varies both 
with the nature of the sample and with the judgment of the 
analyst as to the point at which the solution should be considered 
“colorless.” The average difference found by us was about 1 
per cent. of the amount of nitrogen present. 

When both mercury and potassium sulphate were used in the 
digestion, it was still necessary to continue the boiling beyond the 
point at which the solution became colorless, but the time re- 
quired was greatly reduced and the results were slightly higher 
than those obtained by the use of either reagent alone. 

In the few cases tested, neither the time required nor the re- 
sult obtained was appreciably affected by the use of copper sul- 
phate or potassium permanganate in addition to the reagents al- 
ready mentioned. 

These results indicate that for the determination of nitrogen 
existing in the form of proteids and related compounds, the 
following procedure is advantageous, both as to accuracy and 
speed: Treat the sample with 20 cc. of concentrated sulphuric 
acid and 0.7 to 1 gram of mercury, heat gently until frothing 
subsides, then add Io to 15 grams of potassium sulphate and boil. 
Usually the solution becomes colorless in less than thirty minutes, 
and the transformation of nitrogen into ammonium sulphate is 
complete within an hour. In a few cases appreciably higher re- 
sults were obtained by boiling for two hours. 

Having in view a similar study with organic compounds of 
known structure, we shall postpone any attempt to explain the 
discrepancies above described. 

A large part of the analytical work was performed in the lab- 
oratory of Wesleyan University, for the privileges of which we 
are indebted to the courtesy of Professor W. O. Atwater. 

QUANTITATIVE LABORATORY, 


COLUMBIA UNIVERSITY, 
January, 1904. 











THE OCCURRENCE OF LEAF LARD SHOWING HIGH 
IODINE ABSORPTION. 


By W. D. RICHARDSON, 


Received January 15, 1904. 

THE Secretary of Agriculture has recently defined and set 
standards for lard, in accordance with an act approved June 3, 
1902, in these terms: 

“d. Lard. 

“Definitions. 
1. Lard is the rendered fresh fat from slaughtered, healthy 
hogs. 

“2. Leaf lard is the lard rendered at moderately high tem- 
peratures from the internal fat of the abdomen of the hog, ex- 
cluding that adherent to the intestines. 

“Standard. 

“Standard lard and standard leaf lard are lard and leaf lard 
respectively, free from rancidity, containing not more than one 
(1) per cent. of substances, other than fatty acids, not fat, neces- 
sarily incorporated therewith in the process of rendering, and 
standard leaf lard has an iodine number not greater than 


sixty (60). 


‘Definition. 

“3, Neutral lard is lard rendered at low temperatures.’ 

In this quotation, “Standard” means standard of purity. It is, 
however, not implied that if a given sample of leaf lard should 
show an iodine absorption in excess of 60, it must, of necessity, 
be impure. Such a construction is indeed foreseen and expressly 
denied by the committee of the Association of Official Agricultural 
Chemists having the matter in charge; but even so, it would 
seem of interest to note and to place on record the fact that, fre- 
quently, samples of leaf lard may be obtained from individual 
hogs and from droves that show an iodine absorption of 80 and 
in a few cases as high as 85. The animals from which such 
samples may be derived are known to stockmen as mast-fed hogs 
and to packing house men as oily hogs. They are lean, long- 
snouted, fast-running animals, rather savage in disposition. Little 
food is given them, but they are allowed to roam the woods at 


1U.S. Dept. Agriculture, office of the Secretary, circular No. 10. 
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random and by rooting, to obtain what livelihood they may. In 
the cooler, their carca$ses may be easily identified, owing to the 
fact that even at the freezing-point, their fat does not harden, 
while if the leaf or back fat of such an animal be placed in room 
temperature, the oil runs freely from the tissue. 

Below are given three of the constants on the leaf lard from 
four of the hogs I am considering. These were received at the 
St. Louis market in November, 1902. 


LEAF FROM OILY HoGs. 


Weight Melting- Iodine 

fat point. Titer. No. 
Lbs. %€: ba (Hiibl.) 

Hog No. [-+++seeeeeee 4-5 37-5 30.8 78.8 
HO RD Biveeern sie! wacae 6.0 34.0 28.3 79.0 
Reales sieuinaere 5.0 32.0 30.2 79.0 

Oe GT Avene eecered 4.5 Saas 27.9 82.0 


Corresponding figures on the back fat of the same hogs follow. 
It is, of course, understood that the external fat of an animal is 
invariably softer than the internal. 


BACK FAT FROM OILY HoGs. 


Weight Melting- Iodine 
fat. point. Titer. No 

Lbs. so bs ( Hiibl.) 

Hog No, I.---+-eeeeeee Io 30.0 26.9 81.7 
$0, ie Se eee 10 wiirins 24.7 84.4 
tO AG Binclesive Wann os 10 Sage oT 81.5 
C6 OS Rscwniv alas cela IO ciece* 24.7 84.7 


Lewkowitsch, in his “Oils, Fats and Waxes,” quoting Amthor 
and Zink, gives the iodine number of the fat from the wild boar 
as 76.6. This is not far below that of mast-fed hogs, and indeed 
the habits and food in the cases of the wild boar and of the hog 
allowed to run at liberty in the woods are fairly similar. The 
long-snouted, lean, fast-running animal of the southwest is not 
unlike its wild ancestors. 

The leaf from the average hog shipped to packing centers 
hardens quickly in the cooler and becomes quite firm. Such an 
animal has been fed for some time previous to shipment almost 
exclusively on corn. It has, in all probability, been rather closely 
confined in a pen. Its habits have been sedentery. To what ex- 
tent the diet and to what extent the inactive habits have been 
instrumental in producing a fat which contains so much less olein 
than that of the hog which is allowed to run the woods and root 
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is not altogether easy to decide. Possibly both have had their 
effect. However, stockmen consider the diet to be the chief cause 
of the difference. 

The following figures show three of the constants of the leaf 
fat from an individual corn-fed hog: 


NEPERTG ia dio canis aise ioe iaceasw etia ei blalos 41.4 
Koettstorfer Number. ..........-- 200. 3 
TGS INN DEN. 6 66.9:6.eskwiew oe eee 5752 


And below are shown the melting-point, titer and iodire value 
of several samples of leaf lard, each one of which represents an 
average of from 20,000 to 30,000 hogs received in the Chicago 
market : 


LEAF LARD, NOVEMBER, I902. 





Melting- 
Titer. point. Iodine 
mS, °C, No. 
40.9 45-9 53-0 
40.9 45-9 51-5 
40.6 43.8 51.5 
41.3 46.2 55-7 
41.4 45.2 55-8 
4l.I 44.6 55-3 
40.9 43-5 54-4 
40.5 44.4 55-9 
40.4 44.0 56.0 
Average-- 40.9 44.8 54.2 


A perusal of these figures will indicate that the limit of 60 
is ample, indeed somewhat excessive, for the iodine number of 
leaf fat from the kind of hog most frequently marketed. The fact 
remains, however, that we may have samples of leaf lard ranging 
in iodine value all the way from 50 to 85, and all yenuine. That 
the majority of hogs shipped to our various stock-yards will yield 
a comparatively hard fat indicates simply that such a hog is more 
easily marketable (more in demand) than the other kind. If 
the mast-fed hog brought the best price in the market, this is the 
hog which would be most largely produced. For practical pur- 
poses then, and in general, we may say that pure leaf lard, pro- 
duced under normal American packing house conditions, shows 
an iodine value below 60. But we may not conclude that if a 
sample shows an iodine value of 80, it is impure. 


LABORATORY OF SWIFT & 
COMPANY, CHICAGO, ILL. 
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[CONTRIBUTION FROM THE DEPARTMENT OF FOOD AND DRUG INSPECTION 
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CIDER VINEGAR AND SUGGESTED STANDARDS OF 
PURITY. 


By ALBERT E. LEACH AND HERMANN C. LYTHGOE. 


Received February 10, 1904. 

THERE is no food product in which competition and cheap 
methods of manufacture have resulted so disastrously to the 
quality of the substance as in the case of cider vinegar. Where 
formerly the farmer by the slow fermentation process and from 
pure cider produced all the vinegar consumed and obtained a good 
price for it, now the price of so-called cider vinegar is so low 
that the self-respecting farmer can hardly afford to enter the race. 
Much skill has been shown of late in the manufacture of spurious 
“cider” vinegar with a view to deceiving the analyst, so that it is 
incumbent on him to know very thoroughly the composition of 
cider vinegar and especially of the various qualities or character- 
istics which serve to distinguish it from the factitious variety. 

More or less complete analyses of vinegar, of interest in com- 
parison with the results that follow, have been made by Smith,? 
by Doolittle and Hess,? by Frear,* by Brown,‘ and, previously, by 
the writers.®5 During the past year, from a large number of vine- 
gars examined by the writers in the routine of food inspection, 
twenty-two samples of cider vinegar of known purity have been 
analyzed in full with a view to suggesting helpful standards in 
addition to those which for twenty years have prevailed in Massa- 
chusetts for acidity and total solids. 

The list comprises (1) samples made in the laboratory, (2) 
samples made by farmers, and (3) samples from reputable manu- 
facturers made both by the slow and by the generator processes, 
all those obtained from outside the laboratory being furnished for 
the purpose of analysis with a guarantee that nothing but apple 
juice was used in their manufacture. 

Determinations were made of acetic acid, solids, ash, alkalinity 
of the ash, soluble and insoluble phosphates, reducing sugars both 


1 This Journal, 20, 3. 

2 Jbid., 22, 218. 

§ Penn. Dept. Agriculture, Annual Report, 1898-145. 

*Penn. Dept. Agriculture, Bull. 58. 

5 Mass. State Board of Health, Annual Reports, 1900-661, 1901-467, 1902-483. 
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before and after inversion, polarization, and malic acid. Percent- 
age of ash in solids, percentage of reducing sugars in solids, ratio 


of soluble to total phosphates, and alkalinity of one gram of ash 
have been calculated. 


METHODS. 


The methods used in making the above analyses are as follows: 

Acetic Acid.—Three cc. of vinegar were diluted with about 300 
cc. of water and titrated with tenth-normal sodium hydroxide, 
using phenolphthalein as an indicator. The number of cubic 
centimeters of alkali used, multiplied by 0.2, gives the percentage 
of acetic acid. 

Solids—Five grams of vinegar were weighed into a tared, flat- 
bottomed platinum dish, subjected for an hour to direct contact 
with the live steam, of a boiling water-bath, and the residue 
weighed. 

Ash.—The residue from the solids was carefully ignited in a 
muffle and the resulting ash weighed. 

Alkalinity of the Ash.—One hundred grams of vinegar were 
evaporated to dryness in a platinum dish and the residue reduced 
to an ash in a muffle. The resulting ash was boiled with water, 
the solution filtered and the precipitate washed with boiling water 
till free from alkali. The filtrate was then treated with an excess 
of tenth-normal hydrochloric acid carefully measured, the solution 
boiled to expel carbon dioxide and the excess of acid titrated with 
tenth-normal sodium hydroxide, using phenolphthalein as an indi- 
cator. ‘The number of cubic centimeters of tenth-normal acid re- 
quired for neutralization expresses the alkalinity of the ash. 

Soluble Phosphoric Acid.—The solution of the ash, after titra- 
tion, was made acid with hydrochloric acid and evaporated to dry- 
ness, after which 50 cc. of boiling water were added and the phos- 
phoric acid determined by titration with uranium acetate in the 
usual way.? 

Insoluble Phosphoric Acid.—The residue from the ash soluble 
in water was dissolved in hydrochloric acid and the acid solution 
evaporated to dryness. ‘The residue was then dissolved in about 
ten drops of dilute hydrochloric acid, 50 cc. of boiling water were 
added, then about 1 gram of sodium acetate, and the solution 


' Sutton’s ‘‘ Volumetric Analysis,” 8th Edition, p. 313. 
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titrated with uranium acetate, as in the case of the soluble phos- 
phoric acid. 

Reducing Sugars.—Two portions of 25 cc. each were measured 
with 100 cc. flasks. One portion was diluted with 20 cc. of water, 
5 cc. of concentrated hydrochloric acid were added and the solution 
subjected to inversion by heating to 70° for ten minutes and cool- 
ing. Both portions were neutralized with sodium hydroxide and 
made up to the mark. The reducing sugars were determined in 
each portion by Defren’s modification of O’Sullivan’s method? and 
calculated as dextrose. 

Polarization.—Two and one-half cc. of lead acetate (10 per 
cent. solution) were placed in a beaker, 25 cc. of vinegar run 
in from a pipette, the mixture stirred, and, after standing a few 
minutes it was filtered and the filtrate polarized in a 200-mm. tube 
in a Schmidt & Haensch polariscope. Ten per cent. was added to 
the reading for the dilution due to the clarifier, the polarization 
being expressed directly in degrees Ventzke for 200 mm. of 
vinegar. 

MALIC ACID. . 

Malic acid is a constituent of many fruits but is espccially 
characteristic of the apple. If a sample of alleged cider vinegar 
is found to contain no malic acid, this fact alone is absolute evi- 
dence of its spurious nature, but on the other hand the presence of 
malic acid does not necessarily stamp a sample of vinegar as being 
the product of pure cider. 

The Lead Acetate Test—The application of the common lead 
acetate test to vinegar was apparently first made by Davenport? 
and, while useful, serves chiefly as a negative test in showing the 
possible absence of malic acid, since phosphates present to the ex- 
tent found in malt vinegar, and other substances, such as molasses, 
give a precipitate which is liable to be confounded with malic acid 
by one not skilled in carrying out the test. If the vinegar under 
treatment with lead acetate does not give a precipitate settling in 
a few minutes and .eaving a clear supernatant liquid, it is not 
cider vinegar. 

The Calcium Chloride Test.—The following test for malic acid 
as proposed by the writers for its positive identification has been 


1 This Journal, 18, 749. 
2 Mass. State Board of Health, Annual Report, 1886, p. 159. 
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successfully used in the laboratory of Food and Drug Inspection 
of the Massachusetts State Board of Health for the past two 
years. 


Five cc. of vinegar are treated with about I cc. of Io per cent. 
calcium chloride solution and made alkaline with ammonium hy- 
droxide. A precipitate nearly always occurs at this point, which 
may consist of calcium phosphate, ferric hydroxide, etc. Filter, 
and to the filtrate add about three volumes of 95 per cent. alcohol 
and heat to boiling. In the presence of malic acid, a flocculent pre- 
cipitate of calcium malate separates. A precipitate of dextrine 
would occur at this point, if the sample contained glucose or malt, 
and, if sulphates were present, a precipitate of calcium sulphate 
would be formed. The presence of dextrine would be indicated 
by a right-handed polarization. If, therefore, the sample is found 
to polarize normally to the left and to be free from sulphates, a 
flocculent precipitate on heating the alcoholic solution as above 
may ordinarily be assumed to indicate malates. 

To positively confirm the presence of malates, filter off the pre- 
cipitate, dry out the alcohol therefrom (to prevent subsequent 
explosion of ethyl nitrite,) dissolve in dilute nitric acid and evapo- 
rate to dryness over the boiling water-bath. This treatment trans- 
forms the calcium malate to calcium oxalate. Boil with sodium 
carbonate solution for a few minutes to decompose the salt, filter 
from the precipitated calcium carbonate, make the filtrate acid with 
acetic acid and add a solution of calcium sulphate. A precipitate 
of calcium oxalate at this stage confirms the presence of malic 
acid in the vinegar. Calcium sulphate solution is used so that, if 
sulphates were present, a precipitate of calcium sulphate would 
not occur and thus vitiate the test. 

Importance of Making Both Tests.—A sample of vinegar made 
from partly exhausted apple pomace will sometimes give a test for 
malic acid with the calcium chloride method, where only a turbidity 
would occur with the lead acetate. This is due to the fact that the 
apple pomace used has still retained some of the malic acid, and 
that the lead acetate test is less delicate than the calcium chloride 
test because lead malate is slightly soluble in acetic acid. In a 
pure cider vinegar there should always be sufficient malic acid 
present to give a distinct precipitate with lead acetate, and such a 
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vinegar should respond in a perfectly normal manner to both tests. 
If either test fails, the sample should be condemned. 

Determination of Malic Acid. (a) Calcium Chloride 
Method.—This was the method employed in making the 
above analyses. One hundred grams of vinegar were 
treated with 10 cc. of 10 per cent. calcium chloride 
and made alkaline with ammonium hydroxide. After standing 
for one hour, the solution was filtered and the precipitate washed 
with water. The filtrate was evaporated to about 25 cc. and 3 
volumes of 95 per cent. alcohol were added, the solution heated to 
boiling and filtered on an ashless filter-paper. The separated 
calcium malate was washed with hot 75 per cent. alcohol and 
burned in a platinum crucible. The ash was dissolved in 35 cc. 
of tenth-normal hydrochloric acid by boiling, and the excess of 
acid determined by titrating with tenth-normal sodium hydroxide, 
using phenolphthalein as an indicator. The number of cubic 
centimeters of tenth-normal acid used up, multiplied by 0.0067 
gives the percentage of malic acid in the sample. 

(b) Modification with Lead Acetate-—One hundred grams of 
vinegar are neutralized with sodium hydroxide, an excess of lead 
acetate added and the resulting lead malate filtered and washed. 
The precipitate is suspended in water, which is heated to boiling 
and saturated with hydrogen sulphide to set free the acid. After 
filtering from the lead sulphide and washing the precipitate with 
hot water, the filtrate is evaporated to a volume of about 75 cc. 
cooled, 10 cc. of 10 per cent. calcium chloride solution are added 
and ammonium hydroxide to alkalinity. A precipitate occurs at 
this point, indicating the presence of an acid other than malic. 
Filter, wash, and treat the filtrate as in the calcium chloride 
method. A sample analyzed in duplicate by both methods gave the 
following results in percentage of malic acid. 

(1) (2) 
Method (@) «-----e- cece cece cece 0.092 0.098 
a (BD) wcccecccce cess cccces 0.093 0.091 
NOTES ON THE RESULTS. 


Acid and Soliis——But few of the samples fall below the Massa- 
chusetts standard of 4.50 per cent. acid and 2.00 per cent. solids, 
and these standards do not appear to be excessively high for 
thoroughly fermented cider vinegar. 
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Ash.—The quantity of the ash should be about 10 per cent. of 
the solids, although some samples are a little lower. Less than 8 
per cent. of ash in the solids of pure cider vinegar rarely occurs. 
The quality of the ash is much more important than the quantity. 

Alkalinity of the Ash.—The apple contains a large percentage 
of organic potassium salts, consequently the ash of cider vinegar 
is very alkaline. One gram of cider vinegar ash will require 
about 90 cc. of tenth-normal acid for neutralization, consequently 
the reading in cubic centimeters of the acid used to neutralize the 
ash of 100 grams of vinegar will approximately equal the percent- 
age of ash multiplied by 100. If the alkalinity falls below 65 per 
cent. of this figure (per cent. ash x 100), the sample should be 
viewed with suspicion. 

Watering with hard water, or admixture of other fruit juices 
will tend to reduce the ratio. 

Ratio of Soluble to Total Phosphates.—On account of the large 
amount of alkali, at least one-half of the total phosphates of cider 
vinegar ash are soluble in water. Hard water will naturally de- 
crease the soluble phosphates. 

Reducing »ugars.—These should be the same in amount after as 
before inversion. Any increase after inversion is due to cane-sugar 
(as in molasses vinegar) or to dextrine from glucose added to in- 
crease the solids. 

Percentage of Reducing Sugars in the Solids.—The highest 
percentage of reducing sugars in the solids of the above vinegars 
is 16.6 per cent., and any sample having more than 20 or at most 
25 per cent. of reducing sugars in the residue would be viewed 
with suspicion. 

Polarization.—Pure cider vinegar always polarizes to the left; 
indeed the polarization of apple juice in all the stages of its career 
whether in the form of cider or vinegar is left handed, and any 
deviation from this rule is sufficient to condemn the sample. Ex- 
cessive laevo-rotation in vinegar indicates either the addition of 
invert sugar, or the incomplete acetification of the vinegar. Dextro- 
rotation before and laevo-rotation after inversion indicates added 
sucrose, while right-handed rotation both before and after inver- 
sion indicates glucose. 

Suggested Standards—Pure cider vinegar should contain at 
least 4.50 per cent. of acetic acid, and at least 2 per cent. of cider 
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vinegar solids. The ash should constitute at least 6 per cent. of 
the solids. The alkalinity of 1 gram of ash should be equivalent 
to at least 65 cc. of tenth-normal acid. At least 50 per cent. of 
the phosphates in the ash should be soluble in water. The reduc- 
ing sugars should be the same in amount after as before inver- 
sion, and should not exceed 25 per cent. of the solids. The polari- 
zation, expressed in terms of 200 mm. of undiluted vinegar, should 
lie between —o.1° and —4.0° Ventzke. Malic acid should be in- 
dicated by both the calcium chloride and lead acetate test. 

A standard for malic acid is desirable, but before suggesting 
such, a larger number of determinations should be made than 
those hitherto recorded. The writers hope to cover this point 
more completely in the near future. 

Routine Examination of Vinegar for Adulteration.—In deter- 
mining whether or not an alleged vinegar is spurious, it is rarely 
necessary for the public analyst to make a complete analysis. 
Aside from the determination of acidity and total solids, by far 
the most important tests consist in the polarization and in the cal- 
cium chloride and lead acetate tests for malic acid. It is rare that 
spurious vinegar will fail of detection by at least one of these tests. 
Only in doubtful cases is it necessary to go farther. It is well, 
however, to be able in some cases to confirm one’s judgment by 
added proof, and where litigation is involved a complete analysis 
may be helpful. 


A PORTABLE OUTFIT FOR THE DETERMINATION OF 
CARBONIC ACID, DISSOLVED OXYGEN AND AL- 
KALINITY IN DRINKING-WATER. 


By FRED B. FORBES. 


Received February 17, roo4. 
Various forms of portable apparatus for different analytical 
purposes have been described and have proved their usefulness in 
practice. Having occasion to make many determinations of car- 
bon dioxide, dissolved oxygen and alkalinity in the field, a port- 
able outfit has been devised which has resulted in a considerable 
economy of time and labor. The following description is pub- 
lished as a suggestion to any one who may have similar determina- 
tions to make at present or in the future. 
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The methods employed for the different determinations are well 
known, but a brief review will serve to illustrate more clearly 
the uses for which the various parts of the outfit are intended. 


DISSOLVED OXYGEN BY WINKLER’S METHOD. 


Reagents.—Saturated solution of manganous sulphate. Solu- 
tion of potassium iodide in sodium hydroxide; 100 grams potas- 
sium iodide, 360 grams sodium hydroxide per liter. Sulphuric 
acid—1 part H,SO, (1.84) and I part water. Starch paste in- 
dicator. 

Standard Solution.—Sodium thiosulphate, 1 cc. equivalent to 
0.0001 gram available oxygen. This solution is standardized 
against a solution of potassium permanganate (1 cc. KMnO, = 
0.0007875 gram oxalic acid, C,H,O,2H,O). 

Procedure.—The sample for analysis is collected in a glass- 
stoppered bottle of known capacity by means of a tube passing 
through a rubber stopper to the bottom of the bottle. A second 
perforation in the stopper allows the air to escape, and enough 
water is run through the bottle to make sure that the final sample 
has not been in contact with the air. The temperature of the 
water at the time of sampling is noted. Remove the stopper from 
the bottle, and, by means of a pipette, having a long capillary 
point, add first I cc. manganous sulphate, then I cc. potassium 
iodide solution, both solutions being delivered near the bottom of 
the bottle. Insert the glass stopper, leaving no air bubble, shake 
well, and allow to settle. When the precipitate has subsided 
enough to prevent loss, add 2 or 3 cc. of sulphuric acid, insert 
the stopper quickly, and shake until the precipitate is dissolved. 
Pour the contents of the bottle into a flask, add a few drops of 
starch solution, and titrate with sodium thiosulphate to the dis- 
appearance of the blue color, taking the first end-point, as the 
color frequently returns on standing. The actual amount of water 
acted upon is always 2 cc. less than the capacity of the bottle, due 
to the 2 cc. of reagents added, which expel an equivalent amount 
of the sample. The results are calculated in parts per 100,000 
and as per cent. saturation at the observed temperature, the 
amount of oxygen which water will dissolve at different tem- 
peratures being obtained from a table. This table is based on that 


' Ber. d. chem. Ges., 2843 (1888) 
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of Roscoe and Lunt,’ but it is calculated in parts per 100,000 
instead of cubic centimeters per liter. 


FREE CARBONIC ACID BY SEYLER’S METHOD.” 


Reagents.—Neutral alcoholic solution of phenolphthalein—(5 
grams phenolphthalein in a liter of 50 per cent. alcohol). 


Standard Solution—N/50 sodium carbonate. 


Procedure.—One hundred cc. of the sample are introduced into 
a tall glass cylinder (100 cc. nitrite tube) by means of a siphon, 
5 or 6 drops of phenolphthalein added and N/so sodium car- 
bonate run in from a burette with careful stirring until a faint 
permanent pink color is obtained. If the water is high in carbon 
dioxide, it is better to take less than 100 cc., and too violent 
stirring is to be avoided; at the same time the titration should be 
quickly completed. The stirring rod used is made by coiling up 
a piece of glass rod in a circular disk and bending the long end at 
right angles to the disk, giving a sort of piston which can be 
moved up and down in the tube, thus thoroughly mixing the con- 
tents without introducing air. A second tube containing 100 cc. 
of the water under examination without the addition of indicator 
is held alongside of the determination to assist the eye in noting 
the end-point. The number of cubic centimeters of sodium car- 
bonate required, multiplied by 0.44, gives the free carbon dioxide 
in parts per 100,000. If the water is neutral or alkaline to 
phenolphthalein, no free carbon dioxide is present. 


ALKALINITY, OR FIXED CARBONIC ACID, BY HEHNER’S METHOD.® 


Reagents.—Methyl orange indicator (1 gram in a liter of 
water ). 

Standard Solution—N/s50 sulphuric acid. 

Procedure.—Measure 100 cc. of the water into a 6-inch white 
porcelain dish, add 2 or 3 drops methyl orange and titrate with 
sulphuric acid to the appearance of a pink color. The number 
of cubic centimeters of acid used gives the alkalinity in parts per 
100,000. Multiplying this reading by 0.44 gives the fixed carbon 
dioxide. 


1 Roscoe and Lunt: /. Chem. Soc., §5, 552 (1889). 

2Seyler: Chem. News, 70, 104 (1894); Analyst 22, 312 (1897); Ellms and Beneker: 
This Journal, 23, 405 (1901); Forbes and Pratt: /é1d., 25, 742 (1903). 
3 Elims: This Journal, a1, 359 (1899). 
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CALCULATION OF HALF-BOUND CARBON DIOXIDE. 


When the water is acid to phenolphthalein, the alkalinity read- 
ing multiplied by 0.44 gives the half-bound carbon dioxide in 
parts per 100,000, as in this case it equals the fixed. 

When the water is alkaline to phenolphthalein, titrate 100 cc. 
of the water with N/5o0 sulphuric acid with 5 or 6 drops phe- 
nolphthalein until the pink color disappears, observing all the pre- 
cautions previously noted. Twice the number of cubic centimeters 
of acid required, subtracted from the alkalinity reading and the 
results multiplied by 0.44, gives the half-bound carbon dioxide in 
parts per 100,000. 

The apparatus for the various determinations is contained in 
a box which is 17.5 inches long, 7.5 inches wide and 15 inches 
high, outside measurements, and is provided with a stout leather 
handle for carrying. The top and sides of the box are half-inch 
oak, strongly put together and oil-finished. The bottom is of 
half-inch, and the inside partitions of one-fourth inch and three- 
eighths inch whitewood, well shellaced. The sides of the box 
project a little beyond the top and are grooved to receive the 
front and back, which are panels of thin oak and slide in at the 
top. These panels are removed entirely when the box is in use, in 
order to allow a clear passage of light. 

By reference to the following figures the disposition of the ap- 
paratus in the box will be seen: 

Figure 1 shows the outfit packed ready for carrying, the front 
panel being removed to show the interior. Figure 2 shows the 
apparatus ready for use, both front and back panels being re- 
moved. Figure 3 shows the construction of the burette holder, 
which is the only particularly novel feature of the apparatus. 

The three standard solutions are contained in square bottles 
fitting into three compartments in a deep tray. The sulphuric 
acid and sodium carbonate bottles are provided with U-tubes con- 
taining soda-lime to remove carbon dioxide from the air that is 
drawn into the bottles, and all three bottles are provided with 
siphons and pinch-cocks to deliver the solution into the burettes. 
The tray containing these bottles slides into the box at the back 
on guides, and a stop on either side holds it in place flush with 
the back panel. When the box is in use, this tray is placed on 
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the top, when the siphon tubes will enter the burettes which swing 
out into place, as will be seen from Fig. 2. 

In the lower part of this end of the box are three 100 cc. 
cylinders, two for use and one spare one, and a thermometer. A 
thin removable slide holds them in place during transportation. 
On the top of this slide are stored a note-book, towels, rubber 
tubing and connections, and a double perforated rubber stopper 
with glass tubes for taking samples. 

The dissolved oxygen reagents and the indicators are con- 
tained in six small square bottles fitting into compartments in a 
small removable tray, which has also a narrow compartment in 
one end for the 1 cc. capillary pipettes. This tray takes up only 
about half the width of the box, and the other half is divided into 
two compartments for the storage of two 8-ounce bottles for the 
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collection of dissolved oxygen samples. These are not shown in 
Fig. 1, as they are withdrawn from the back of the box. Above 
the tray of reagents is a small compartment for the storage of 
extra stoppers and any small articles that may prove of service. 
This space occurs on account of the dissolved oxygen bottles be- 
ing higher than the reagent bottles. 

Above this space is a large compartment, occupying the entire 
width of the box, in which are carried two 6-inch porcelain dishes, 
a 50 cc. and a 100 cc. graduated flask, and a short-necked 500 cc. 
flask for titrating the dissolved oxygen. These are wrapped in 
pieces of cloth when the case is closed for carrying. 

The narrow space between the two vertical partitions was orig- 
inally intended for a different sort of burette holder, and may 
be dispensed with, thus shortening the box an inch. It is utilized 
to carry an extra burette, stirring rods, etc. 

Figure 3 shows plan and elevation of one-half of the burette 
holder, also a view of one end, the construction of the other half 
being identical. The miterial is brass, 1/, inch in width and 
1/,, inch in thickness. 

To hold each Io cc. burette are two curved pieces of metal 
projecting a little above and below the principal frame, the back 
one being soldered to the frame, while the front one is soldered 
to a strip of brass which slides back and forth between the 
strengthening bands B B, and is held firmly against the burettes 
by the thumbscrews SS. This sliding strip is sufficiently flexible 
so that each burette may be manipulated independently. 

When the burettes are in use, the end bar A is in a horizontal 
position resting on a small pin P, which is driven into the sides 
of the compartment in which the whole arrangement fits closely. 
When the box is to be packed, the three burettes are lowered in 
their places, about 3 inches, by loosening the thumb screws, and 
the end bars swung through an angle of go° to the position 
shown by the dotted lines, the burettes remaining vertical, as the 
frame which carries them is pivoted on the end bars. The burettes 
are now inside the box and the front panel may be put in place. 

The advantage of this arrangement over any common form of 
clamp is that it takes up little room, does not add much to the 
weight of the outfit, and provides for three burettes which are 
always ready for use, it being unnecessary even to draw off the 
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solutions. These features make it very convenient, especially if 
a number of determinations are to be made at points some dis- 
tance apart. 

If a table or bench is at hand, the box is placed in the position 
shown in Fig. 2, when the 6-inch porcelain dish can be set con- 
veniently under the glass-stoppered acid burette. When using a 
too cc. tube or the large flask in which dissolved oxygen is 
titrated, the box is brought forward so that the burettes project 
over the edge of the table. The outfit can be used, however, 
under almost any conditions which one is liable to encounter in 
field work. 


MASSACHUSETTS STATE BOARD OF HEALTH, 
LABORATOKY FOR WATER ANALYSIS, 
BOSTON, MASSACHUSETTS. 


SPRENGEL’S METHOD FOR COLORIMETRIC DETERTIIINA- 
TION OF NITRATES. 


By LAUNCELOT W. ANDREWS. 


Received December 29, 1903. 

THE colorimetric determination of small amounts of nitrates 
which is based on the use of phenol and concentrated sulphuric 
acid, appears to have been first devised and used by Sprengel.? 
It is probably the method now most frequently used for the de- 
termination of nitrates in water analysis and is the best of the 
rapid methods. Sprengel states that the yellow color obtained 
in the process is due to the formation of picric acid, a statement 
which has been repeated in text-book after text-book for forty 
years, seemingly without criticism or examination, until recently 
Montenari*® has sought to show that not picric acid, but dinitro- 
phenol is produced in this reaction. 

Previous to the publication of Montenari, I had been impressed 
with the inherent improbability of the formation of trinitrophenol 
under the conditions of the experiment, that is, with the phenol 
in great excess as regards the nitric acid, and had also observed 
that the yellow coloring-matter formed does not give the char- 
acteristic reactions of picric acid. Since the conclusions of 
Montenari also appeared extremely improbable, I thought it worth 


1 Pogg. Ann., 121, 188 in 1863. 
2 Gazz. chim. ttal., 321, 87 (1902). 
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while to submit the question to renewed examination, with results 
which it is the object of the present paper to present. 

As is well known, the reagent employed in this test is pre- 
pared by heating phenol with an excess of concentrated sulphuric 


‘ acid for several hours to 100°. It consists, therefore, of a solu- 


tion of phenol parasulphonic acid in sulphuric acid.* Hence, it 
was a priori most likely that the primary product of the action 
on it of relatively small amounts of nitrates would be orthonitro- 
phenolparasulphonic acid, with the possibility that the sulphonic 
group might split off, forming orthonitrophenol. The latter in 
turn might be further nitrated to di- or trinitrophenol. It was 
consequently necessary, in the first place, to ascertain by what 
reactions small quantities of these possible products can be readily 
distinguished from one another and, if requisite, separated. All 
the compounds in question dissolve in water with a yellow color. 
This color is discharged, in case of paranitrophenol and of its 
sulphonic acid, by acidification with a minimum excess of a highly 
dissociated acid, as hydrochloric or sulphuric, while, on the con- 
trary, dinitrophenol and trinitrophenol exhibit their characteristic 
yellow tint in acidified solutions also. Further, if an acidified 
solution of either of the nitrophenols is shaken with benzene, the 
nitro-bodies pass into the benzene layer and the latter, after sep- 
aration, imparts a yellow color to potassium hydroxide solution 
when shaken with it. Ortho- or paranitrophenolsulphonic acid 
solution, on the other hand, when acidified with dilute hydro- 
chloric or sulphuric acid and shaken with benzene, does not dis- 
solve in the latter, and the separated benzene does not impart 
the faintest yellow color to alkali solutions. These reactions 
were established by experiments in dilute solutions of the pure 
compounds and were found to be extremely delicate. They 
furnish the means of distinguishing, with certainty, between the 
ortho- or paranitrophenol, and its sulphonic acid on the one hand 
and between both these substances and the more highly nitrated 
compounds on the other. 


‘Johnson : Chem. News, 61, 15 (1890); Gill: This Journal, 16, 122, etc., ete. (1894). 

2 According to Gill (/. c. supra) phenoldisulphonic acid is present in this mixture, 
while Beilstein (rst ed., 1065) following Kekulé (Ztschr. Chem., 1867, 199) states that only 
paraphenolsulphonic acid is formed under these conditions. In view of Gill’s observa- 
tions it is, however, probable that doth the p- mono- and the o-f-disulphonic acids are pro- 
duced. 
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About 50 mg. of finely pulverized potassium nitrate were now 
gradually added to 10 cc. of the reagent? in a porcelain mortar 
and rubbing the mixture thoroughly with the pestle. After stand- 
ing for half an hour, the liquid was diluted with 100 cc. of water. 
The resulting solution was not yellow, but became so on making 
it alkaline; hence the polynitro derivatives alluded to above can 
not, and either mononitrophenol or nitrophenolsulphonic acid 
must, be present. Half the acid solution was then shaken in a 
separatory funnel with 50 cc. of the purest benzene. The latter, 
after washing with water, imparted no yellow color to potassium 
hydroxide solution; hence non-sulphonated nitrophenols must be 
absent, and some nitrophenolsulphonic acid present. As a con- 
trol of the sensitiveness of the test, 3 mg. of paranitrophenol, 
corresponding to about one-tenth the nitrogen present, was added 
to the acid solution left from the last experiment, which was again 
shaken with benzene. The latter then gave a very strong reac- 
tion with potassium hydroxide. <A far smaller amount could 
have been detected. Incidentally, a quantitative colorimetric com- 
parison was made between a solution prepared by the action of 
the phenolsulphonic acid reagent on a weighed amount of potas- 
sium nitrate with one made from a known amount of parani- 
trophenol. Both solutions were so made up as to contain the 
same amount of nitrogen per cubic centimeter. Practically per- 
fect agreement was attained, the solution prepared from the 
nitrate showing a tint corresponding to only 1 per cent. less nitric 
acid than that from the nitrophenol. It appears, therefore, that 
a given amount of nitrogen in solution as paranitrophenol* (po- 
tassium salt) has, within the errors of the experiment, the same 
depth of coior as the same amount of nitrogen in solution as the 
potassium salt of orthonitrophenolparasulphonic acid. This fact 
can be taken advantage of in the preparation of a standard type 
solution for comparison in nitrate determinations. A solution 
of 0.993 gram of paranitrophenol in a liter of water contains 0.1 
mg. of nitrogen per cubic centimeter. For use, a measured vol- 
ume can readily be made alkaline and diluted to match the color 
obtained in the usual manner. 

1 Prepared by heating a mixture of 75 grams of pure phenol, containing enough water 
to liquefy it, with one-half liter of sulphuric acid to 100° for eight hours. 


2 Previous experiments had shown that equal weights of o- and of p-nitrophenol give 
the same depth of color in highly dilute alkaline solution. 
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Ir 1s generally accepted that all nitrates of heavy metals, 
under the action of heat, decompose, producing NO,, oxygen and 
a metallic oxide. Whenever the oxides of the metal are not 
stable at high temperatures, further decomposition may set in, 
thus producing oxygen and metal. 

The final reaction can be summarized as follows: 

M”"(NO,;), = M”O0+ O-+ 2NO.. 
In the case of lead nitrate, the decomposition begins at a tem- 
perature between 205° and 223°. Even at these temperatures 
the decomposition proceeds very slowly and it is only when tem- 
peratures as high as 357° are reached that the reaction becomes 
more energetic. 

However, if the experiment be carried on in vacuo nitrous 
gases develop more abundantly, even at temperatures as low as 
205° to 223°. 

It is interesting to note that ordinary lead nitrate, as sold in 
the trade under the name of chemically pure, gives off acid 
vapors at much lower temperatures; in some cases simple heat- 
ing at 100° may produce this result. This is due to the presence 
of very small amounts of moisture. In the experiments I am 
about to describe I used a specially prepared lead nitrate, very 


1 Read at the December meeting of the New York Section. 
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pure and entirely free from any traces of moisture. I soon found 
out that unless these precautions are observed, the most variable 
results will be obtained. 

In order to purify lead nitrate, I make a cold saturated solu- 
tion in distilled water, to which I add afterwards concentrated 
nitric acid, which causes the lead nitrate to precipitate in small 
white crystals. After the liquid is drained off the crystals are re- 
dissolved in water, reprecipitated with nitric acid and this cycle 
of operations is repeated six times in succession, when finally the 
crystalline powder is dried in an air-bath at a temperature not 
exceeding 100°, so as to drive off all free nitric acid while hot. 
The crystalline mass is afterwards pulverized in a warm mortar, 
and is heated during twenty-four hours at about 120°, then finally 
the temperature is raised to 160° for about one hour, after which 
time the white crystalline powder is introduced hot in a previously 
heated glass-stoppered bottle. It is kept for use in a sulphuric 
acid desiccator. These painstaking precautions prevent absorp- 
tion of moisture from the air, and make it possible to obtain 
constant results. 

If such pure lead nitrate be enclosed in a sealed glass tube, 
in which a vacuum has beeen made, and if this tube be suspended 
in a bath of boiling mercury vapor, which is a convenient way 
of keeping it steadily at 357° C., red nitrous vapors appear very 
soon, showing that decomposition has begun, and after awhile 
the red coloration of the gases becomes very intense. If at this 
moment the heat be withdrawn and the tube be allowed to cool 
slowly, it will be found that after a few hours all red vapors have 
disappeared and on opening the tube vacuum will be reéstablished, 
showing conclusively that under the above conditions all gaseous 
products have been reabsorbed. We have here to deal with an 
example of a reversible reaction: 


Pb(NO,), =~ PO + O + 2NO,. 
This case is more interesting from the fact that in this instance a 
solid body dissociates, forming one new solid and two different 


gaseous products. 

This is the reason why I have tried to investigate this reaction 
from a physical standpoint so as to determine, by experiment, 
the pressure of the dissociation at different temperatures and 
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how this pressure is influenced by an excess of either one of the 
gaseous products of dissociation. 

I soon found out that the study of this reaction involved the 
use of very delicate and painstaking methods, and unless great 
precautions are used no reliable data can be obtained. 

In order to reduce the errors of observation I had to repeat 
some of these experiments several times, and if it is taken into 
consideration that some of the experiments extend over a number 
of weeks, the fact that the observations are not more numerous 
may be excused. 


Description of the Apparatus——Fig. 1 shows the apparatus 
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Fig. 1. 


used for the first method. A glass reservoir i, of about 50 cc. 
capacity, heated at constant temperature, contains pure lead 
nitrate and is connected by means of a capillary tube cc with a 
mercury vacuum pump. A manometric tube, +, plunges into a 
reservoir of mercury; this tube narrows down to a capillary space 
on its upper part. 

The four U-tubes contain phosphoric anhydride and caustic 
potash so as to absorb any traces of moisture or acid vapors. 

The reservoir i is provided with a lateral glass tube through 
which the lead nitrate can be introduced without incurring the 
possibility of introducing moisture at the same time. 

After the air of the apparatus has been carefully evacuated, 
the cock r is closed so as to discontinue all connection with the 
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vacuum pump, and the reservoir 1 is now heated to the proper 
temperature. For all temperatures below 357° a bath of Woods’ 
alloy was used. The temperature was kept steady by the use of 
a specially constructed thermoregulator. For higher tempera- 
tures a bath of mercury vapors was employed. 

At temperatures below 300° the gaseous products are evolved 
rather slowly, and it takes ten, sometimes twenty-four, hours 
before the mercury column shows the maximum depression. At 
357° indications become totally erroneous, on accoun: of the fact 
that the surface of the mercury in the manometer column is 
rapidly attacked by the nitrous gases, evolving thus new gaseous 
products. At low pressures, and under absolutely dry conditions, 
mercury is not acted upon by the nitrous gases; at higher pres- 
sures, the surface of the metal covers itself with a gray substance 
and nitric oxide is formed. 

This was conclusively shown by direct experiments which were 
carried out with the object of studying this question. 

The continuous production of nitric oxide under the above 
condition increases indefinitely the pressure of the gases and 
renders it impossible to observe the pressure of dissociation; 
furthermore, the mercury meniscus becomes so covered with 
products of corrosion that readings become impossible. 

In order to obviate the above-mentioned irregularities I had 
to modify my apparatus for all experiments carried on at high 
temperatures. This was accomplished, as shown in Fig. 2, by 
fusing with a capillary on the upper part of the manometric tube, a 
glass bulb of about 500 cc. capacity, which was provided on its lower 
capillary extension with a glass cock r communicating with a 
wider glass tube which acts as a mercury manometer; for this 
purpose it was connected through a thick flexible rubber tube 
with an upright glass tube ¢. The cathetometer readings of the 
difference in height of the mercury column in ¢ and ¢’ gave me the 
pressure of dissociation, due corrections being made, of course, 
for error of meniscus and variations in barometric pressure. 

The glass bulb b was encased in a copper reservoir, of which 
the temperature was kept invariably at 100° by means of circulat- 
ing water vapor. 

In order to make my determinations I first opened the cocks r 
and 7’, then poured mercury into ¢’ until its level in tube ¢ was 





nee 


ana nD wern 


y 


a Oo 


Pm PN KF —- ~~. 


wn 





DISSOCIATION OF LEAD NITRATE. 395 


situated at about 2 or 3 millimeters below the point where this 
tube narrows to a capillary opening. Shutting off this cock, 1, 
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Fig. 2. 

















I made a vacuum in the apparatus then, after cock r’ was shut 
off, also, I started heating either at 357° in a bath of boiling 
mercury vapors, or at 448° in vapors of boiling sulphur. 

After twenty-four hours’ steady heating, I opened 7, and by 
lifting or lowering ¢’ or, if necessary, by adding some more mer- 
cury I was able to bring the mercury column to its original height 
inthe tube t. By making a quick reading, I prevented any appre- 
ciable action of the nitrous gases upon the mercury. 

In all my experiments and at temperatures ranging from 223° 
to 448°, the pressure of the evolved gases increased until a 
maximum was reached. Arrived at this limit, this pressure re- 
mained practically the same and increased no further. In some 
cases it was necessary to heat for several days before this limit 
of pressure was obtained. This pressure, which represents the 
pressure of dissociation of lead nitrate, varies with the tempera- 
ture and is practically constant for each temperature. The follow- 
ing table indicates the average pressure for several different tem- 
peratures : 
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Temperatures. Pressure of dissociation. 
°C. Millimeters. 
223 6.2 
230 6.9 
250 11.8 
274 32.6 
296 78.4 
357 514.0 
448 1180.0 


The above figures are the average results of a considerable 
number of observations; they are graphically illustrated by the 
accompanying curve (Fig. 3). 
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Fig. 3. 

Some direct experiments have shown me that the pressure of 
dissociation acted the same whether I used 10 or 70 grams of 
material, provided the experiment was carried out at the same 
temperatures and provided also that the amount of lead salt used 
was sufficient to evolve enough gaseous products so as to reach 
the limit of pressure. 

Whenever this limit was reached the pressure remained sta- 
tionary. If, at that time, communication with the vacuum pump 
was reestablished so as to evacuate the gaseous products, a new 
amount of gas was liberated until the corresponding maximum 
pressure was again obtained. For instance, in four successive 
evacuations at 357° the limit of pressure was always from 508 
to 519 mm. which approximates sufficiently the average pressure 
of 514 mm. 

In other experiments I carried the number of evacuations far 
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enough to decompose a considerable amount of the lead nitrate 
used. The results of this work are condensed in the following 
table: 

Maximum of 


dissociation after 
Tempera- each evacuation 








ture. of mercury. Duration of each Composition of 
7: mm. experiment. lead salt. 
yas en (PbO = 67.47 
357 514 24 hours, Ist evacuation 1N,O; == 32.63 
100.00 
517 48 hours, 2d evacuation ? 
508 3 days, 3d evacuation ? 
515 4 days, 4th evacuation ? 
514 5 days, 5th evacuation ? 
510 9 days, 6th evacuation ? 
296 II days, 7th evacuation ? 
257 12 days, 8th evacuation ? 
260 13 days, 9th evacuation ? 
= : { PbO = 73:98 
259 14 days \N,O, = 26.02 
100.00 


As will be noticed from above results, the pressure of dissocia- 
tion remains constant until the composition of the lead nitrate has 
undergone a considerable alteration by progressive elimination of 
gaseous products. At a certain point the partially decomposed 
salt shows a considerable decrease in its pressure of dissociation, 
which at 357° drops suddenly from 514 mm. to 260 mm. When 
this occurs, the residue in the reservoir acquires a slightly yellow- 
ish color. 

In the same way when lead nitrate was kept heated for about 
ten days in an open vessel at 357°, the partially decomposed salt 
gave, on investigation, a pressure of dissociation of 260 mm. In 
the above table it is shown that the composition of the partially 
decomposed lead nitrate indicates 73.98 per cent. of lead oxide. 
which would correspond to a basic lead nitrate, 


3PbO,2N,0,, (calculated 75.56 per cent. PbO). 


We have to deal here, very probably, with a basic nitrate of 
which the pressure of dissociation is considerably lower than that 
of ordinary lead nitrate. It became interesting to determine 
whether the basic nitrate is the only intermediate product of de- 
composition of the lead nitrate, or whether more basic nitrates are 
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produced subsequently, of which the pressure of dissociation is 
still smaller. 

For this purpose I left the apparatus in continuous communica- 
tion with the vacuum pump while heating the lead nitrate at 357° C. 
By constant evacuation I was able to hasten decomposition. 
From time to time I shut the glass stop-cock so as to ascertain 
whether red gases were still accumulating. After ten days I was 
thus able to find out that no further nitrous gases were evolved, 
that the residue so obtained underwent no further decomposition 
at this temperature and showed no pressure of dissociation. On 
analysis, I found this product to contain 86.03 per cent. of lead 
oxide which might correspond to a basic nitrate, 


(PbO),N,O, (calculated 86.10 per cent. PbO). 


Although this salt is stable at 357° C., it decomposes at a red 
heat, leaving a residue of pure lead oxide, while nitrous gases 
escape. 

According to these observations it is very probable that under 
the action of heat, lead nitrate decomposes first in oxygen, nitrogen 
peroxide, and a new salt, (PbO),(N.O,;)., more stable than lead 
nitrate, and of which the pressure of dissociation is smaller. Later 
on, this salt decomposes further in a more basic nitrate, (PbO), 
N,O,, stable at 357°, which is destroyed at a red heat and leaves 
then a residue of lead oxide. 

In how far is the pressure of dissociation of lead nitrate influ- 
enced. by the relative proportions of nitrogen peroxide and oxygen 
in the gaseous products? 

In order to determine this question, I introduced into my appa- 
ratus variable amounts of oxygen or nitrogen peroxide, of which 
the pressure was carefully measured before I began to heat the 
reservoir containing the lead nitrate. Then the operation was 
conducted as usual and after a pressure limit was reached it was 
measured by the ordinary means. By subtracting the partial 
pressure of the oxygen or nitrogen peroxide from the final ob- 
served pressure, I obtained the partial pressure of dissociation of 
lead nitrate under these special conditions. The necessary correc- 
tion involved by the dilatation of the gas first introduced was made 
by calculating the dilation of the amount of this gas contained 
in the reservoir. 
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The following tables, which condense these results, show that 
in each case there was a considerable decrease in the pressure of 
dissociation. From the standpoint of chemical dynamics, it might 
be very interesting to extend these observations. Unfortunately, 
these researches involve many delicate precautions which might 
be easily avoided by selecting compounds more suitable than lead 
nitrate for this class of work. 
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[CONTRIBUTIONS FROM THE CHEMICAL LABORATORY OF HARVARD COL- 
LEGE. ] 

NEW METHOD OF DETERMINING CO/PIPRESSIBILITY, 
WITH APPLICATION TO BROMINE, IODINE, CHLO- 
ROFOR?, BROMOFORM, CARBON TETRACHLO- 
RIDE, PHOSPHORUS, WATER AND GLASS.’ 


By THEODORE WILLIAM RICHARDS AND WILFRED NEWSOME STULL. 


Received February 13, 1904. 
Ir HAs been suggested recently that since the volume of a solid 
or liquid must be determined in part by the internal pressures to 


' Indicated by the difference between total pressure of gaseous products and partial 
pressure of excess of nitrogen peroxide. 

2 This paper is an abbreviated statement ofthe chief points in an investigation printed 
asa monograph by the Carnegie Institution (Publication No. 7), entitled ‘‘New Method 
for Determining Compressibility.”’ 
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which it is subjected by chemical affinity and cohesion, the com- 
pressibilities of substances are probably data of important chemical 
significance.* 

In attempting to interpret this significance, the inquirer at once 
faces the fact that few pertinent compressibilities are accurately 
known. Only complex organic compounds have been much 
studied, and their behavior under pressure is affected by too many 
variables to be easily interpreted. No more than four elements 
have been studied at all, and none except mercury and copper have 
been investigated by more than a single investigator. 

In order to fill this important gap in physiochemical knowledge, 
the following investigation was undertaken. Its publication will 
be followed promptly by similar more extended publications, in 
which the compressibilities of as many elements and simple com- 
pounds as possible will be treated. 

The determination of compressibility is sometimes considered 
as one of the most difficult of physical processes. The difficulty 
is due chiefly to the fact that under pressure all the parts of any 
apparatus change in volume, and hence the contraction under 
pressure of the substance under examination is partly hidden. 
Perhaps it is this difficulty, added to a lack of realization of the 
significance of the data, which has deterred investigators from 
undertaking the problem more systematically. 

Our experience gained with modifications of older methods led 
to the devising of a new method retaining all the advantages, and 
at the same time obviating all the disadvantages of previous 
procedure. The essential feature of this method is the com- 
parison of the compressibility of the substance to be studied with 
a standard liquid, by noting the weighed quantities of mercury 
which must be added to the apparatus in order to supply the 
volumes lost under compression at successive pressures. Electri- 
cal contact was used to indicate when the desired extent of com- 
pression had been attained. Many errors were obviated by con- 
ducting first a series of compressions with pure mercury in the 
apparatus, and then another series with as much as possible of the 
mercury displaced by the substance to be studied. 

Two forms of apparatus for containing the mercury—one for 


' Richards: Proc. Am. Acad., 37, 1 (1901), 399 (1902); 38, 203 (1902); also Zéschr. phys. 
Chem., 40, 169, 597; 42, 129 (1902). 
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solids and one for liquids—were devised. The first of these con- 
sisted simply of a wide, short test-tube, with a very well-ground 
hollow stopper terminating above in a fine funnel tube provided 
with a downward pointing platinum wire. 

This glass jacket was filled with the liquid metal, and the change 
in volume for different pressures was measured very simply by 
placing the whole jacket under the liquid in the barrel of a Cail- 
letet compression apparatus, adding successive weighed portions 
of mercury, and noting each time the pressure needed just to 
break and then again make the electrical connection between the 
meniscus and the platinum point. The electrical method of indi- 
cation has often been used for similar purposes, especially by 
Barus and Amagat, but never in exactly this way. If the plat- 
inum wire is very finely pointed, the fine tube around it about 
I.5 mm. in diameter and the mercury meniscus covered with per- 
fectly clean water, the indications of this instrument are sur- 
prisingly constant and trustworthy. Even with a substance no 
more compressible than mercury, it is easy to be certain of the 
necessary pressure within one atmosphere—a very small fractional 
error in many hundred atmospheres. The pressure at which the 
connection was made was taken as the true point, rather than that 
at which the connection was broken, since there is sometimes a 
slight adhesion between the point and the mercury under the 
last-named circumstances. Often, however, the making and 
breaking occurred within an atmosphere’s pressure of one another. 

If the fine tube is larger than 1.5 mm., the sensibility of the 
instrument is reduced; if it is much less than 1.5 mm., drops of 
mercury are likely to be caught and held by the wire. 

The most serious possible cause of error arises, however, from 
the faulty fitting of the ground stopper of the glass jacket. Ifa 
poorly ground stopper be used, the mercury during the process of 
compression is forced into the tiny interstices between stopper and 
tube—a complication which makes the compressibility of the 
liquid seem slightly greater than it is. This difficulty may be 
obviated wholly by always wetting the ground surfaces with a 
minute drop of water or some other liquid, thus displacing all the 
air, and preventing the ingress of mercury. The infinitesimal 
variations in the compression of this practically constant drop of 
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lubricating liquid are quite too small to produce any perceptible 
effect, and successive trials always yield the same result. 

The stopper was firmly tied in place by means of stout string 
passed over a rubber shoulder. The latter, used to 
give needed elasticity, is indicated by dotted lines in 
Fig. 1. In order to conduct away the heat of com- 
pression and to make the lower electrical contact, 
mercury was poured around the lower two-thirds of 
the glass-jacket. The whole apparatus was im- 
mersed in a thermostat kept constant within 0.01°. 

The upper platinum wire was connected with an 
insulated wire running through a capillary glass 
tube sealed into the uper movable part 
of the Cailletet apparatus, and the 
contact was detected with the help of 
a feeble cell and a delicate index galva- 
nometer. The apparatus being tightly 
screwed into place, pressure was ap- 
plied until the circuit was broken—a 
condition which showed that the mer- 
cury had been compressed until its 
meniscus had fallen below the plat- 
inum point. The heating effect of the 
compression was considerable, but the 


inner jacket being immersed in mer- U 
cury, the heat was quickly conducted / ~ 
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away to the large surrounding themo- 
stat. Constancy of pressure reading, 
indicating constancy of temperature, 
was always obtained in ten minutes. 
The quantity of mercury in the 
glass jacket was usually so adjusted 
that the first constant pressure reading 














Fig. 1. 
was between fifty and one hundred atmospheres. 


and this first reading was taken as the starting- 
point of the determination. Minute air bubbles 
were thus disarmed of possible injurious effect. As 
already suggested, a weighed quantity of mercury 
was now added through the funnel tube (A in hie 2 
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Fig. 2) and pressure again applied. The added pressure 
necessary to break the electrical circuit corresponded to the 
volume of the extra mercury introduced. This process was 
repeated until the highest pressure was reached, and thus 
were found the points on a curve which depicts the difference 
between the compressibilities of mercury and glass. Only in the 
most accurate work is it necessary to consider the compression of 
the small extra volumes of mercury introduced, since the omis- 
sion of this correction causes an error of only 0.04 per cent for 
every hundred atmospheres. 

If now there is introduced beneath the mercury the substance 
whose compressibility is to be determined, and a new curve is 
found in the same way, it is evident that the differences between 
these two curves represent the differences between the compres- 
sion of the new substance and an equal volume of mercury. 

With liquids which did not attack mercury, even a simpler de- 
vice may be used. In this case a doubly bent tube must be 
attached above, in order to contain the mercury necessary for 
making electrical contact. The apparatus thus assumes the form 
shown in Fig. 2, the stop-cocks being affixed to facilitate filling. 
For the most accurate work it would be better to omit these stop- 
cocks, and to fill the jacket by exhausting the air, because the stop- 
cocks are liable to leak unless very well ground, and their presence 
introduces a slight uncertainty due to the small amount of liquid 
contained in their channels. In our experiments this small vol- 
ume, amounting to only 0.002 of the whole, could be safely neg- 
lected. It is well not to heat the glass to a high temperature 
during the filling, because of its well-known volume lag. On the 
other hand, we have as yet been unable to detect any appreciable 
volume lag on compression. This is shown by the fact that 
series of experiments made by taking out mercury after the attain- 
ment of high pressure give results identical with those obtained 
by gradually adding mercury. 

After being thoroughly cleaned this jacket was filled with mer- 
cury and the stop-cocks m and nm were closed. The mercury was 
arranged at a level slightly above the lower point of the wire (3), 
and the funnel tube above was filled with pure water as before. 

The jacket was placed in the Cailletet barrel, and the pressures 
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corresponding to successive added portions of mercury were found 
in the way already described. Thus the mercury curve was de- 
termined. 

The greater part of the mercury was now withdrawn, and the 
residue, filling the U-tube, at least, was weighed with the glass. 
Subsequently the liquid under investigation was drawn in, com- 
pletely displacing the air; and finally the apparatus, after external 
drying, was weighed again. Thus was found the weight of the 
liquid to be compressed. 

The jacket was now placed once more in the Cailletet barrel, 
and once more the pressures corresponding to successive added 
portions of mercury were found. These new readings define the 
curve of compression of the liquid and the residual mer- 
cury. The differences between the weights of mercury added, for 
any given change of pressure, as found on the two curves, give 
by simple calculation the differences between the compression of 
the given volume of liquid and the same volume of mercury, hence 
the compressibility is easily computed. Those who wish to carry 
out experiments by this method are advised to consult the original 
memoir for the full details, both of plotting and of calculation. 

In the case of liquids which attack mercury, this latter apparatus 
could not be used; such liquids were enclosed hermetically in 
very thin, flat flexible glass bulbs, containing no other sub- 
stance. The decrease of volume in these bulbs upon compression 
was determined as if they were homogeneous solids, by compres- 
sing them under mercury in the glass jacket first described. Al- 
lowance is easily made for the cnange in volume of the mercury 
and glass, if the containing apparatus has been properly tested 
full of mercury in the first place. 

Since the bulbs were so thin as to collapse under a pressure 
of less than the quarter of an atmosphere, the pressure within 
them must have been essentially the same as that applied with- 
out. Some experience and art were needed in order to prevent 
these bulbs from being so thin in places as to be fractured by the 
bouyant pressure of the mercury; and a number of exasperating 
accidents occurred from this cause. It is perfectly possible, how- 
ever, to make a glass bulb, containing several cubic centime- 
ters, which will change under pressures by 5 per cent. of its vol- 
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ume and yet be strong enough to endure immersion in mer- 
cury. Our experiments were made with such bulbs. The dia- 
gram (Fig. 3) represents one of them. Their flattened 
sides were best produced by well-directed heating after 
the cylindrical shape had been first attained. 

For the purpose of filling, the neck of the bulb was 
at first drawn down stoutly in the fashion indicated by 
the dotted lines in Fig. 3. After having been filled by 
means of a capillary funnel tube, the bulb was packed 
in ice and water. When the liquid within had con- ‘ 
tracted so much as to leave the narrowed part far above 
the meniscus, this narrow portion was drawn out to 
a very fine point, the bulb itself being shielded from the 
heat by asbestos. Upon warming the bulb through 
a degree or two this capillary point was at once filled 
with liquid, and was then sealed by fusion, usually 
without enclosing a visible trace of air, and always - 
without enclosing a measurable trace. The weight of Fig. 3. 
the glass in the bulb was always determined, either by subtract- 
ing the drawn-off tip from the total original weight, or else by 
weighing the glass fragments after the experiment. The weight 
of the enclosed liquid was obtained by weighing the sealed bulb, 
aid subtracting from this the weight of the glass. 

The bulb having been filled at 2° or 3° above zero the expan- 
sion of the liquid within caused the walls of the vessel to swell 
outward at 20°, and thus the possibility of compression of the bulb 
at ordinary temperatures was greatly increased. In the calcula- 
tions the slight compressibility of the glass of this bulb was taken 
into account. 

The full equation for the calculation of the results is as follows: 


(w—w')(1—P,B’) , w” ee vs D , 
p=( A ») a ar 
when f, 6’, and A” represent respectively the average compressi- 
bilities of the substance studied, mercury and glass ; 

w and zw’ represent respectively the two weights of mercury 
in the two series above corresponding to the given change of pres- 
sure P, — P,; 

w” and W, respectively, the weights of the thin glass bulb and 
the substance studied ; 
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d and D, the densities of glass and of the substance; 

13.546, the density of mercury at 20°. 

In special cases this equation may be abbreviated without sen- 
sible error. The original paper must be consulted in order to 
obtain a full explanation of the equation and its abbreviated forms. 

For our knowledge of the pressures we had to depend chiefly 
upon the hydraulic dial gauge made and guaranteed by Schaeffer 
and Budenburg. In view of the extensive experience of these 
manufacturers and the fact that the gauge is vouched for by the 
Société Genevoise, it seemed hardly possible that we could im- 
prove upon the accuracy of their work. The gauge registers as 
far as a thousand atmospheres, and has only a very small tem- 
perature coéfficient, according to their testimony and our carefu! 
trial. We tested this by means of our new liquid manometer, de- 
scribed on page 410, keeping the latter constant in temperature 
and varying the temperature of the dial gauge. The temperature 
of the room used for the experiments varied ordinarily but little 
from 20°, hence no trouble could have arisen from change of tem- 
perature, even had the coéfficient been considerable. 

Several other indications point to the accuracy of the gauge. 
For example, the great regularity to be seen in the various 
curves points toward consistency in the indications. 

After the work was completed, the gauge was returned to 
Schaeffer and Budenberg in order to be thoroughly tested anew. 
Their report was very satisfactory; the error at 500 atmospheres 
was only 0.1 per cent. 

Whatever may have been the error of the gauge, the results 
are accurate relatively to one another; moreover, they may be 
easily corrected at any future time with the help of our deter- 
minations of the difference between the compressibility of the 
mercury and water. We hope, in the near future, thus to apply, 
ourselves, any correction which may be necessary. Neverthe- 
less, in view of the facts above stated, it seems certain that the 
possible inaccuracies of the gauge must be so small as to effect 
only the second differential coéfficient, and not the average value 
of the compressibility. Hence, even if the possible errors in the 
gauge were never found, the following results would be signifi- 


cant. 
The substances whose compressibilities we have determined are 
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bromine, iodine, chloroform, carbon tetrachloride, bromoform, 
phosphorus and water, while from the results we may also obtain 
the value for glass and a qualitative indication of the compressi- 
bility of liquid chlorine. In every case the temperature was 20°. 

In the first place, relying upon Amagat’s results for the com- 
pressibility of mercury at low pressures and the change of that 
of glass over a wide range of pressure, the compressibility of 
mercury and of our particular sample of glass was determined 
as far as 600 atmospheres. The details of these determinations 
are given in full in the monograph of the Carnegie Institution con- 
taining the complete account of the investigation, but they may 
be omitted here because their effect on the data for the other 
more compressible substances was small. 

The substances bromine, iodine, chloroform, bromoform, carbon 
tetrachloride, phosphorus and water were all prepared in a state 
of sufficient purity.. The bromine was, of course, sealed into a 
compressible bulb in the manner described; and the iodine was 
packed into a similar bulb under water, and special precautions, 
described in full in the complete account, were taken to correct 
the result for the changing solubility of iodine in water. Phos- 
phorus was compressed under water in a small inverted test-tube. 
Water was experimented upon with both forms of apparatus, and 
since identical results were obtained with each, it is fair to assume 
that both served their purpose well. Moreover, the results with 
water agreed closely with those of the best previous experiments. 
In order to prove the non-existence of a permanent “set” in any 
of the solids concerned, observations were made by taking out 
mercury after the highest point had been reached, as well as by 
adding mercury in the usual way. No permanent alteration in 
volume was observed in any of the cases studied. 

From extrapolation of the values for bromine and iodine, as 
well as from a comparison of bromoform and chloroform, an ap- 
proximate estimate of the compressibility of liquid chlorine was 
made. 

In expressing the results of our work, the doubt arises as to 
the best units to adopt. It is a matter of great regret that the 
scientific world has not agreed upon a less arbitrary unit of pres- 
sure than the atmosphere. The difficulty is now increased by the 
frequent technical use of this word to designate the pressure of 
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‘a kilogram per square centimeter. The growing tendency toward 
the adoption of the c. g. s. system suggests the use of a consistent 
unit for this dimension also. Might not the pressure of a dyne 
per square centimeter be suitably called a bar? (Greek Aapos 
pressure, weight). This suggestion is made because the prac- 
tical use of a unit is always much facilitated by a definite verbal 
designation. In this case the pressure of a megadyne per square 
centimeter would be called a megabar, a name no more cumbrous 
than atmosphere, and far more definite. This unit, though un- 


named, has long been advocated by Ostwald as a more scien- 
tific one than the present standard.’ The megabar is ak = 
0.0 
101.98 per cent. of a kilogram per square centimeter, or 
101.98 


1033.2 
measured by 75.015 centimeters of mercury at 0° C. at the sea- 
level, and 45° of latitude. This pressure is more nearly the aver- 
age atmospheric pressure at the laboratories of the world than 
the arbitrary atmosphere usually taken. A megabar, acting 
through the volume of a cubic centimeter or milliliter, performs 
a megerg of work, or one-tenth of a joule. 

In view of these circumstances, and as an incentive toward the 
adoption of the rational unit of pressure, the results below are 
expressed in terms of megabars. In order that those unfamiliar 
with this subject may see at once the significance of the figures 
below, it may be well to state that the first number, 45.2, given 
under the formula of water, signifies that under the pressure of 
a megabar (0.987 atmosphere) a liter of water is diminished in 
volume by 0.0000452 liter, or 0.0452 cubic centimeter. 





= 98.703 per cent. of an atmosphere, or the pressure 


COMPRESSIBILITIES AT 20.00° C. 

The values given below are multiplied by 10® in order to economize space. 
Brackets signify partial extrapolation. 
Range of : 
pressure. 
Megabars. Ib. Bro. Clo. CCly. CHCl;. CHBrs;. HO. Py. Hg. 

o-1oo [13] [62.5] [116] [90.0] [93.2] [50.1] [45.2] [21.3] 3.88 
100-200 13 57-4 [108] 88.3 88.1 46.7 44.1 20.8 3.82 
200-300 13 53-7. [100] 82.0 78.7 43.3 41.8 20.3 3-79 
300-400 -- st.2 [8]. asa 71.6 41.3 41.1 20.2 3.76 
400-500 -- 49.0 [83] 68.6 66.6 [40.3] 39.4 20.0 3.7 

1 Grundriss : Allgem. Chem., p. 54 (1899). Since writing the above statement we have 

heard that essentially the same suggestion was made although not formally adopted, at 
the International Congress of 1900, The word ‘‘barie’’ was suggested as the name of 
pressure of a dyne per square centimeter. 
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A glance at the above table shows that all the substances 
studied, like all those examined by Barus, show a decrease in com- 
pressibility with increasing pressure. This decrease is by no 
means a simple function, however. Leaving out of consideration 
the cases of chlorine and iodine, which cannot claim accuracy 
enough for serious consideration in a discussion of this kind, the 
other substances show the following percentage decrease in their 
compressibilities betwen 100 and 500 atmospheres: CHCIl,, 29; 
CCl,, 26; Br, 21; CHBr,, 20.6; H,O, 13; Hg, 4. This order is 
arranged according to the magnitude of the compressibility, and 
it exhibits a steady decrease; hence one may infer that, other 
things being equal, the greater the compressibility the greater is 
its percentage decrease with increasing pressure. That other cir- 
cumstances influence this relation is shown, however, by the fact 
that chloroform and carbon tetrachloride manifest different second 
differential quotients, although their first differential quotients 
are exactly identical at 150 atmospheres. Moreover, bromoform 
and water have almost the same compressibility, and yet the 
change of this compressibility with the pressure is noticeably dif- 
ferent. Such differences as this must be referred to the specific 
natures of the component elements, and the internal pressure 
relations within each substance. 

When the theorizer goes further than such a comparison as 
this, and attempts to determine the mathematical expressions for 
these curves, he is met by a serious obstacle. The departure from 
the perfectly linear equation + =ay is not sufficiently greater 
than the possible error of the gauge to make its somewhat subtle 
nature clearly manifest. One should point out also the proba- 
bility that the parabolic equations, proposed by Barus for the 
organic liquids studied by him, are subject to an even greater 
experimental uncertainty, so that it is safe to say that no data 
now known to us afford a satisfactory basis for the determination 
of the law underlying the change of compressibility with pres- 
sure. It is our hope, by more accurate experiments made upon 
larger quantities of material and with a more perfect gauge, to 
proceed further in this direction. 

It has been mentioned already, in the early part of this paper, 
that the substances are warmed by compression. This heating 
effect causes a thermal expansion so great as to cause the first 
breaking of the galvanic current in the jacket to occur at a much 
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higher pressure than the true pressure corresponding to isother- 
mal compression. Since the substance itself is the measuring 
medium, it was thought possible that this instant self-heating 
effect might afford a means of avoiding the lag which any form 
of thermometer must involve, and thus give a truer measure of 
the adiabatic rise of temperature on compression than any method 
involving a thermometer. 

The temperature to which the liquid was heated is easily cal- 
culated when the change of pressure between the adiabatic and 
isothermal condition is known. The state of the glass does not 
have as much effect as might have been supposed. In this way 
it was found that mercury is heated about 1° and water about 
2° by being subjected to a sudden pressure of 500 atmospheres, 
The rapid cooling of the jacket probably introduces a large error; 
the results are given as preliminary examples of an application 
of the apparatus, rather than as a precise evaluation of the effect. 
With greater precautions a more exact result might be obtained; 
and we hope to test the method further. 

The properties of a few pure substances serve as the most con- 
venient and generally useful means of defining, by comparison, 
the properties of all substances and the various dimensions of 
energy. Thus specific gravities and specific heats usually serve 
as the means of determining densities and heat capacities; the 
temperature scale is defined by the triple or quadruple or other 
fixed points of a few elements or simple compounds, and _ sub- 
divided by the tension-increase of hydrogen in constant volume; 
electromotive force is found, by comparison, with a Clark or 
Weston cell; electrical quantity is determined by the weight of a 
pure metal which it can deionize, and so forth. It seems to us 
desirable to define the measurement of high pressures also in an 
equally convenient way by reference to the compressibility of one 
or more easily obtained pure liquid substances. The problem 
has been considered as a difficult one, because the apparatus used 
for containing the material may be distorted by the strain of com- 
pression; but with the help of our glass jacket the result is very 
easily attained. 

lf glass were a definite substance, the figures given in the table 
of data concerning the compressibility of water alone or of mer- 
cury alone, would at once afford the desired intelligence. By 
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plotting our data for water, for example, it is readily seen that 
in a glass jacket containing 18.75 milliliters of water and 1.9 
millimeters of mercury at 20°, 100 megabars would cor- 
respond to 1.070 grams of added mercury, 200 megabars 
to 2.127 grams of added mercury, and so forth. The same pro- 
portion of change of volume to total volumes of water and mer- 
cury would exist in a jacket of any other size. Unfortunately, 
however, the compressibility of glass is not uniform enough in 
different samples to make such an inference more definite than 
within 0.3 per cent. 

On the other hand, the difference between the compression of 
water and mercury, as found by a jacket of this kind, is perfectly 
definite and free from all uncertainty connected with the glass. 
This difference will serve at any time as a means of comparing 
any other gauge with that made by Schaeffer and Budenberg, 
thus enabling any one who has a less accurate gauge to correct 
its readings, or any one who has a more accurate gauge to correct 
ours. 


The best method of making this comparison would be to make 
successive series of experiments first with mercury and after- 
wards with water in a given glass jacket, in a way described 
above, and then to plot the results and compare the differences 
with ours. The curves are so nearly straight lines that they may 
be drawn with great accuracy by bending a thin ruler, made of 
wood with an even grain, until all the points are covered. 

From our preliminary experiments it seems probable that the 
sensitiveness of this manometer is very great. Under favorable 


ee ° [ ° 
conditions the method is able to detect atmosphere in 1000 
Oo 
atmospheres, or one part in 20,000. 


It is our purpose to carry out the evaluation of this manometric 
method with much greater precision than has been heretofore 
possible, in an apparatus free from ground-glass joints. The pres- 
ent results in this direction must be considered as merely prelim- 
inary, but even these may serve an end hitherto unattainable. 

In conclusion, it is a pleasure to express our great indebtedness 
to the Cyrus M. Warren Fund, of Harvard University, for assist- 
ance in the early part of this investigation, and to the Carnegie 
Institution for assistance in the latter part. 
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In this investigation the following additions to the knowledge 
of compressibility are made: 

(1) The practical difficulties of many previously used methods 
have been demonstrated. 

(2) New methods have been suggested which are applicable 
to nearly all solids and liquids. The feature which all these new 
methods possess in common is the comparison of each substance 
with mercury, by noting the pressures needed to compress the 
whole system, with small added quantities of mercury, to a fixed 
point, as determined by electrical indication. Solids attacking 
mercury were surrounded by water, and liquids attacking mer- 
cury were enclosed in very thin compressible glass bulbs. 

(3) With the help of these methods the compressibility of 
bromine, iodine, chloroform, bromoform, carbon tetrachloride, 
phosphorus, water and glass were determined by reference to 
mercury, in most cases as far as 500 or 600 atmospheres. From 
some of these the compressibility of liquid chlorine was inferred. 

(4) The word “megabar” is advocated as the most convenient 
name for the logical unit of pressure—the pressure of a megadyne 
per square centimeter. The megabar is 0.987 atmosphere. 

(5) Expressing the pressure in terms of this unit the average 


sae. (AVIV) . 
compressibilities ee of the several substances between 100 
and 200 atmospheres were found to be as follows: 

SRN i556 ca onto oh Gees SIS nw kate wMeTS 0.000013 

Bromine .....-- coc cce cece cececces cece 0.0000574 

eS ee a ee ee O.OOOII 

Carbon tetrachloride ....- 2... ceee ces 0.0000883, 
TR eae Stl ras aye 55s 2 siaeie (6.oeis wars. ctevnrer naa 0.0000881 
Bromoform.....- Ra be wReD owe ePewS 0.0000467 

ES Ce eC ae sips aeate Siaerer way aie 0.0000441 
Phosphorus ....-- Rice uns) aoe si gineatsaey 0.0000208 

RII 5 ae" i rsnsca bs Simin tans edeweee chee 0.0000023I 

Mercury +e ee ee cece cece cece cece ee eee 0.00000382 (Amagat). 


(6) The compressibilities of the substances named above are 
compared with regard to their relative decrease with increasing 
pressure. 

(7) Approximate determinations of the heat of compression 
of water and mercury were made. 

(8) A new manometer for calibrating high pressure gauges is 
proposed. 
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THE METRIC STANDARD OF VOLUME. 


BY THEODORE WILLIAM RICHARDS. 


Received February 13, 1904 

Ir 1s well known that the direct measurement of cubic capacity 
in terms of the unit of length is an extremely difficult process. 
For this reason the Physikalische-technische Reichsanstalt of 
Germany, the Bureau of Standards in the United States, and 
various other institutions and associations have decided to fix as 
the unit of volume the space occupied by a kilogram of water, 
under the pressure of one atmosphere, at its temperature of great- 
est density. This liter is probably larger than the cubic decimeter 
by a perceptible amount—perhaps as much as the tenth of a cubic 
centimeter, although the most recent determinations make the 
error about a third of this quantity.* 

Evidently, then, the cubic centimeter is not the thousandth 
part of a liter, but a quantity somewhat smaller than this thous- 
andth part. It is true that the error is beyond the range of the 
accuracy of most analytical processes, but it is nevertheless an 
error. 

In cases where there is vagueness of definition, or uncertainty 
of idea, an inexact designation is permissible, indeed unavoid- 
able; but in cases like this, where the uncertainty of the idea has 
been removed by general consent, it seems to me more scientific 
to employ an exact designation. In the present case this seems 
especially desirable, since the exact designation is less cumbrous 
than the inexact one. The phrase “cubic centimeter’ contains 
two words, six syllables, and fifteen letters, while on the other 
hand “milliliter” is a single word containing but four syllables 
and ten letters. 

The only serious objections to the general use of this 
work seem to be, first the general use of the cumbrous inexact 
term, and secondly the fact that a certain merit undoubtedly exists 
in a designation which refers volume directly to length. Of 


! The weight is corrected, of course, for the weight of displaced air. 

*See for example Mendeléeff: Proc. Roy. Soc., §9, 143 (1895) ; also Ostwald-Luther : 
Phys. Chem., Messungen, p. 127 (1903) ; especially Chappius, Proces-Verbaux Comite Internat. 
des Poids et Mes. 190 ;. 
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these two objectons the first does not seem to me weighty. In- 
deed, I am inclined to think that the metric system would come 
into more general use if its nomenclature were simpler. The 
tendency in this direction is shown by the common use in Germany 
of the Scheffel (50 liters), the Schoppen (0.5 liter), the Centner 
(50 kilograms), and the Pfund (0.5 kilogram). If scientific men 
do not themselves adopt more convenient names, it is to be feared 
that in time the populace will make other propositions as unfor- 
tunate as Centner. 

The second objection seems to me more weighty. Neverthe- 
less, the same argument might be applied to the word liter. Why 
do we not call this volume a cubic decimeter? Simply because 
the founders of the metric system realized that the term was too 
cumbrous for convenient use. They were willing to sacrifice the 
advantage of having the dimension of length appear in the name, 
for the sake of convenience. When it is remembered, moreover, 
that in this country the volume is very often designated in writing, 
speaking and thinking by the unfortunate abbreviation ‘‘cc.”, it is 
doubtful if the word milliliter will convey a less definite sense of 
dimension to many students than their present term. 

On the whole, therefore, it seems to me that the arguments 
in favor of using the word milliliter are greater than those against 
it; and this note is written in order that the question may be 
brought for consideration before those who at present most use 
this unit of volume. Of course, general usage must in the end 
determine nomenclature, but it may not have occurred to every 
one that the word milliliter is not only a permissible term, but 1s 
also more exact and less cumbrous than the present usage of the 
phrase “cubic centimeter.” 


CAMBRIDGE, February 2, I904. 


THE ACTION OF LIQUEFIED AMMONIA ON CHROMIC 
CHLORIDE. 


By W. R. LANG AND C. M. CARSON. 


Received January 30, 1904. 

JORGENSEN describes a number of compounds derived from 

chromic chloride by the action on chromous chloride of aqueous 
ammonia, ammonium chloride and subsequent oxidation. 
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The authors have obtained similar substances by the direct ac- 
tion of dry liquid ammonia on violet chromic chloride at low tem- 
peratures. Violet chromic chloride is not acted upon by aqueous 
ammonia nor by dry ammonia gas, but liquid ammonia acts upon 
it readily, completely transforming it into a salmon-colored pow- 
der. 

Experimental.—Three grams of powdered chromic chloride were 
placed in a vessel made of combustion tubing, closed at the lower 
end and drawn out at the neck to allow of the tube being sealed at 
the blowpipe. The whole was placed in a freezing-mixture, con- 
sisting of solid carbonic acid and ether, and ammonia, dried over 
potassium hydroxide, was passed in. No action took place until 
liquefaction began, when the chromic chloride swelled up and be- 
came pasty, the color changing at the same time to a dark salmon- 
pink. Ammonia in considerable excess was allowed to accumulate 
on the top of the mass and the tube was then sealed. The tube 
containing the salmon-colored material was set aside for a week 
at the room temperature, being shaken occasionallly to insure 
thorough mixing. Subsequent experiments showed the action of 
the ammonia to have been complete from the first, so in preparing 
further quantities this was omitted. The liquid ammonia on 
standing separated out colorless. The tube was then cooled to 
—35° and opened, the temperature raised gradually to 0°, at 
which it was kept constant for twenty-four hours, and the dry 
powder remaining kept for investigation. Further quantities 
were prepared in the same way and left standing at 0° for two and 
four days respectively. Another portion of the powder was left 
at 15° C. for two days, and yet another portion was heated to 
110° C. for the same length of time when the color became niore 
distinctly pink. Analyses of the powder obtained at 0°, 15°, and 
110° respectively yielded: 





(A) (B) (Cc)! 

At 0°, At 15°. At 110°, 

Per cent. Per cent. Per cent. 
CUEORIIAES 60:5 <c.ncntacseencewinedeges seamemes 20.1 20.6 23.7 
GMIRE i coccncecasesserig evans coemen caus caceas AI.I 41.6 44.1 
PRITIS ED. 6 ac6- 45:0 4 ao wie aaa ePCHOAeer eee Chee ere 38.6 37.8 34.1 
99.8 100.0 99.9 
Corresponding to molecules of NH, per molecule 

OF CPCI ned ccesiccisiens ceasenvcvedeseweesies t7 II.2 9.7 


! This analysis was done by Mr. J. A. M. Dawson. 
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Further heating continued for twenty-four hours to 130° 
brought about the separation of a small amount of chromic oxide 
but complete decomposition into chromic oxide did not take place 
until a temperature of 180° was reached. 

From the analytical results it was evident that the powders 
contained a mixture of substances, and the following investigation 
led to the isolation of two definite compounds therefrom. 

I. The powder which had remained at 0° was treated with a 
small quantity of cold water, 5 cc. to every gram of the substance. 
Partial solution took place, and on filtering off from the undis- 
solved solid, a clear solution of a brown color was obtained, which 
on standing in the air for even a short time, evolved ammonia and 
deposited chromium hydroxide. On removing the precipitated 
chromium hydroxide and rapidly evaporating im vacuo, yellow 
crystals separated out, which were collected and dried between 
filter-paper (for convenience let a@ indicate the yellow crystals). 
The residue from this first extraction with water was treated in 
the cold with a further quantity of the solvent and filtered. Evapo- 
ration in vacuo yielded, when carefully conducted, red crystals 
(8). When the concentration in the vacuum desiccator was con- 
ducted too slowly, slight decomposition into gelatinous chromium 
hydroxide took place with the evolution of ammonia, but if rapidly 
conducted in shallow evaporating dishes, the crystals separated 
readily from the solution and no ammonia was evolved. Analysis 
of the yellow compound and the red compound gave: 





a-Salt. B-Salt. 

Per cent. Per cent. 
RIPEN, coisa ais Si areesie Sadieree wie oo meee daa 18.7 21.52 
RBA RETEI isis. ser0 isos! Soa 4:54 o.4 se Remo eRe eels 38.0 43.20 
ROOTED cio ciininin 3 oo sietice sie GeeRe, SEER Comasinas 36.6 35.00 
Water (by Gifference)..--cccccsscccceccercece 6.7 0.00 
100.00 99.72 


The composition of the yellow a@-compound thus corresponds 
with the formula Cr,Cl,,12NH,;,2H,O, and that of the red /- 
compound with Cr,Cl,,10oNH;. 

II. The powder obtained by keeping the original substance at 
15° was similarly extracted with water, and from it were obtained 
yellow and red crystals, whose composition and properties were 
identical with the a and #-compounds obtained in I. 

III. Treatment of the original pink substance with cold water, 
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which had been maintained for two days at 100° C., yielded no a- 
crystals, but the red 6-compound only. 


PROPERTIES OF THE @-AND f§-CRYSTALS. 


The yellow crystals are soluble in water, but insoluble in hydro- 
chloric acid and in alcohol. From the aqueous solution all the 
chlorine is precipitated in the cold by silver nitrate. On standing 
at 110° for two days, the yellow crystals are changed partly into 
a red powder, with separation of chromic oxide. These crystals 
evidently correspond with the /uteochromium compounds obtained 
by Jorgensen’ of the general formula Cr,12NH,X,. 

The red compound crystallizes in small perfectly formed cubes 
and octahedra. They dissolve in cold water slowly, while hot 
water causes a Separation of chromium hydroxide. Hydrochloric 
acid and alcohol exert no solvent action on them. Further, when 
the crystals are treated with liquid ammonia, no change takes 
place, and on addition of a small quantity of violet chromium 
chloride to the mixture of the salt and ammonia the chromic chlo- 
ride reacts at once with the ammonia, yielding a pink powder from 
which the 6-crystals may be separated mechanically. On treating 
the mixed crystals and powder with cold water, the latter readily 
dissolved away, leaving the red crystals untouched. The comp>- 
sition of this 6-compound, Cr,1oNH,Cl,, points to its being chlor- 
purpureochromium chloride. 


CHEMICAL LABORATORY, UNIVER- 
SITY OF TORONTO. 


NOTE ON THE ACTION OF METHYLAMINE ON CHROMIC 
CHLORIDE, 


By W. R. LANG AND E. H. JOLLIFFE. 


Received January 30, 1904. 

A soLuTIon of methylamine was gently heated and the gas con- 
ducted through drying towers filled with potassium hydroxide to 
a glass tube containing chromium chloride and immersed in a 
freezing-mixture at a temperature of —10°. As soon as the liquid 
methylamine collected in the tube, combination between it and the 
chromic chloride took place and a substance of a pale pink color, 
closely resembling the ammonia compound (Lang and Carson), 
was formed. The excess of methylamine was allowed to pass off 

‘J. prakt. Chem., [2] 30, t. 
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and the contents of the tube dissolved in water. The substance 
was very soluble and the least possible quantity of water was used. 
The solution, on rapid evaporation in vacuo, yielded dark red 
crystals. Considerable difficulty was experienced in obtaining 
these crystals, owing to the rapidity with which the solution de- 
composed into chromic hydroxide; consequently the analysis of 
the crystals obtained by repeated operations had to be made on 
very small quantities. Analysis of the crystals thus obtained from 


~o 


the compound at a temperature of 15° gave: 


Calculated for 
Found. CryClg10oCH3N He, 


Per cent. Per cent. 
CRRA o50s 6 Sse o a4wCeS. Koes tedeaesses 16.25 16.68 
RIGA Coin sais aie 654 Sew Swiwie esieeieee tt eeeee 35.20 33.92 
Methylamine. .......seeee cece ceeeee voeees 48.50 49.6 
99.95 100.00 


Crystals produced in a similar manner from the original com- 
pound, previously heated to 94°, gave: 








Found. Calculated 

Per cent. Per cent. 
MATAR UN SDE co: a0 sas -0's0,10:5 are bore wi ous ordre ver etwreleraraiorns 16.55 16.61 
OWN OBITIE okie n:6ie'e. 0-015 5:5 65-45 's ew ee oe eaceewis 34.19 33.86 
Methylamine. .-.. 2.2000 ceeees cocececccees 48.89 49.53 
99.63 100.00 


The composition of these crystals is therefore Cr,Cl,,10CH,NH,, 
corresponding to the similarly constituted chloropurpureochromium 
chloride obtained (Lang and Carson) from anhydrous ammonia 
and chromic chloride. 

On heating to 100° the compound formed by the direct action of 
methylamine on chromic chloride, analysis showed it to contain 
43.26 per cent. of methylamine, which would point to its composi- 
tion being Cr,Cl,, 8CH,NH.,, the percentage in this latter being 
43.8. At 124° C. complete decomposition into Cr,O, took place. 

The analogy between the crystals thus obtained and the chloro- 
purpureo compound is evident. The great difficulty of obtaining 
pure methylamine on the American continent prevented the in- 
vestigation of these substances being continued further or more 
accurate analyses being made. Aniline and methylaniline had no 
action on the violet chromic chloride whether in the cold or when 
heated together. The effect of heating for any length of time in 
a sealed tube was not tried. 


CHEMICAL LABORATORY, THE UNIVER- 
SITY OF TORONTO, CANADA. 
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THE investigations on the oxygen ethers of the ureas as carried 
on in this laboratory by F. B. Dains' and R. H. McKee,? under 
the direction of Professor Stieglitz,* have been continued by me 
at the latter’s suggestion, with the object of studying the isourea 
ethers from points of view which it was impossible to include 
in the work done by Dains and McKee. 

A more detailed study was first made of the chemical nature 
of the acylisoureas. Stieglitz and McKee* found that by the 
action of acylchlorides on monosubstituted isoureas, two series 
of isoureas may be obtained, the symmetric acylisourea ethers, 

RCO.RHC(OR’): NR” (1) 
and the asymmetric ethers, 

RCO.NR”C(OR’):NH_ (11). 
These ethers are very sensitive to hydrogen chloride, which in 
aqueous solutions at low temperatures converts them into acyl- 
; ureas, with an evolution of alkyl chloride, R’Cl.5 We have been 
able to show that the loss of alkyl chloride is always preceded by 
the formation of hydrochlorides, which were isolated and analyzed 
and found to be very unstable. In some cases the salts lose methyl 


or ethyl chloride spontaneously at ordinary temperatures. The 
‘ basic character of the acylisoureas was also confirmed by the 
‘ preparation of a number of chlorplatinates. 
> The acylisourea ethers of the first series (1) also have acid 
properties: McKee had observed that methyl benzoylphenyliso- 
urea is soluble in alkalies as well as in acids, but had not under- 
: taken the isolation of any of these salts. We have been able to 
prepare silver and sodium salts of several derivatives of this 
js series, thus establishing the fact of their dual or amphoteric char- 
acter as bases and acids. On the other hand, we found that 


! This Journal, 21, 136 (1899). 

in 2 Am. Chem. J., 26, 209 (1901). 

8 [bid., 21, 101 (1899); Ber. d. chem. Ges., 32, 1494 (1899); 33, 807 and 1517 (1900). 

4 Loc. cit. 

5 Stieglitz, McKee: Loc. cit; Wheeler and Johnson: Am. Chem. /., 24, 216 (1900). 
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acylisoureas of the second series (II) have no acid properties. 
McKee’s observation that they were soluble in alkalies was con- 
firmed, but it could be readily proved that in dissolving they are 
saponified to the acids and the free isoureas, the latter of which, 
as will be shown below, again have the property of forming salts 
with both acids and bases. 

Acylisoureas of the first series can also be easily obtained by 
the action of ammonia or amines on acylimido monothiocarbonic 
ethers, by the method of Miquel,’ as improved by Loessner,? 
Dixon,’ and especially by Wheeler and Johnson. The formation 
of metal salts of these symmetric acylisoureas and the ready 
saponification of the asymmetric acyl derivatives under the in- 
fluence of alkalies made it appear possible to accomplish the 
saponification also of the symmetric acylisoureas under conditions 
which would permit the isolation of the free isourea ethers and 
thus make Dixon’s method available for the preparation of the 
isourea ethers themselves. Such a method would be desirable as 
the practical variation of the nature of the alcohol radical, R’ 
(see I) is very limited in our present methods for preparing 
isoureas and nearly unlimited in Dixon’s method of preparing the 
acyl derivatives. But all attempts to saponify the symmetric acyl- 
isoureas without completely decomposing the isourea radical were 
unsuccessful; very small quantities or none of the free isourea 
ether could be isolated. 

Perhaps the most interesting observation which we have made 
on the acylisourea ethers is that we have been able to verify a 
suspicion entertained two years ago, that the isomers of asym- 
metric series (II) are rearranged spontaneously, but gradually 
into the more stable symmetric isomers I. The action is as fol- 
lows: 

RCO.NR”C(OR’): NH —> (NR”’): C(OR’). NH(COR). 
The rearrangement is entirely analogous to other migrations of 
acyl groups from oxygen or nitrogen atoms to more basic neigh- 
boring amine groups, e. g., to the rearrangement of orthoamino- 
phenylcarbonates to oxyphenylurethanes, as extensively studied 


1 Ann. chim. phys., (5) 1, 318 (1877). 
27. prakt. Chem., (2), 10, 237 (1874). 

3). Chem. Soc. (London), 7§, 280 (1899). 
* Loc. cit. 
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by Stieglitz and Ransom,’ and Stieglitz and Upson.* The rear- 
rangement is also analogous to that of the isomeric acylthioureas, 
as studied by Professor H. L. Wheeler,* and in order not to inter- 
fere with Professor Wheeler's investigations, we have made no 
further study of the rearrangement of our asymmetric acylisourea 
ethers beyond the establishment of the above fact. 

In their work on the oxygen ethers of the ureas in this lab- 
oratory, Dains and McKee studied, in particular, to what extent 
these ethers exhibited the reactions of ethers and notably of the 
imido ethers to which they are closely allied. In the second part 
of this work attention was directed especially to a study of the 
character of the isoureas as amidines. Methylisourea, as its con- 
stitution shows, may be considered to be an amidoformimido 
ether, or methoxyformamidine. The study was especially in- 
viting, because in one important particular the isoureas seemed 
to show a marked difference from other amidines of the aliphatic 
series, as studied by Pinner. This was in the fact that the iso- 
ureas can be readily isolated as free bases and are comparatively 
stable bodies, whereas Pinner’s aliphatic amidines are described 
as very unstable bodies, hardly any or none of which can be pre- 
pared as free bases. The isoureas give the most important reac- 
tions of amidines. In particular they condense very readily with 
f-oxy acid esters to form pyrimidines according to: 


(RO)(NH,)C: NH + CH,C(OH ): CHCOOR —— 


NH.(RO)C : N.C(CH. ): CHOCO, 
L 4 





They also form condensation products with oxalic ether, produc- 
ing oxygen ethers of parabanic acid: 


(RO)NH,.C : NH + (COOR), -+ NH(RO).C:N.CO.CO. 
= a 





They form, therefore, a very convenient starting-point for the 
synthesis of the oxygen ethers of the ureides. 


Whereas in these reactions both the nitrogen groups react read- 
tly—probably on account of the great tendency to form five and 

1 Am, Chem. J., 23, 1 (1900). 

* Vide, a later report. 

> Am, Chem. J., 27, 270 (1902). 

* Pinner, ‘‘ Imidoather,” p. 90 (1892). 
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six atomic rings—only one group is, as a general rule, reactive 
when no ring formation occurs. Thus only one amine group is 
attacked by benzaldehyde—a benzylidenediisourea being formed, 
viz. : 


C,H,CH[N: C(NH,)OCH,],. 


Acetyl chloride, chlorcarbonic ether and phenyl mustard oil 
also react with but one amine group. 

The oxygen ethers of phenylureas were also found to form 
salts with metals as well as with acids—a property which is char- 
acteristic of amidines.* In these salts the metal is held by a nitro- 
gen atom. 

It has long been a question of considerable interest to us to 
know just how strong the oxygen ethers of the ureas are as bases. 
It seemed very possible that the fundamental difference in their 
behavior as contrasted with that of the closely related group of 
the imidoethers should be due to the former’s greater strength 
as bases and their ability to form neutral salts.* It was also 
thought that it would be of interest to determine quantitatively 
to what extent the basic properties of the ureas are increased by 
converting them into their oxygen ethers. In the third part of 
this investigation the affinity constants of four typical isourea 
ethers—methy! and ethyl isourea and methyl and ethyl phenyl- 
isourea—were determined by conductivity methods. The results 
are given in the following table, together with the constants of 
urea* and several other bases, for purposes of comparison. 


K. 


Methyl Amine svecescecsccccccccssceccercesecs 10— 5 & 38.00 
Ethyl [soured osceccccessoceccccesccccessccecs Io~ 5 & 10.40 
Methyl [sOUrved essere vecccecvcccsersvcesceceee Io-5< 6.40 
AMMONIA «+e6+ re Ce aT 1Io-5 1.80 
Ethyl Phenylisoured overs cceevccsvecccecccece Io~ 5X 0.05 
Methyl PREnNylisOured seveesccercececcceuceeceee 10-5 0.02 
IPOS PEE OR ETE eT CCRT TUT CT er eT 10> * >< 0:05 


TeRRALD) ba aos since ois -iciralaavaww Gieie/ste-SaeMorsialal wre orate as eR 10-73 X 0.15 


Guanidine is nearly as strong a base as the alkalies. Methyl 
and ethyl isourea, as mon-acid bases, are, therefore, of about the 
same order of strength as ammonia and the mon-alkyl amines. 


! The only exception found to the rule is that two molecules of phenylisocyanate are 
taken up by one molecule of the isourea. 

2 Bamberger: Ann. Chem. (Liebig), 273, 277 (1893). 

3 Stieglitz : Am. Chem. /., 21, 106. 

4 See page 115. 
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In spite of the presence of two amine nitrogen atoms they behave 
essentially as mon-acid bases.t They have also exceedingly small 
affinity constants for a second molecule of acid, evidence of which 
was shown in the conductivity measurements of the hydrochlo- 
rides in extreme dilution (see Part III) and in the tendency of 
these bases to form solid chlorides containing at first more than 
one equivalent of hydrochloric acid.’ 
It is noteworthy that the change of urea into methyl isourea, 


NH,CONH, —~ NH,C(.OCH,)NH 
has increased the affinity constant of the basic molecule 4 X 10’. 


EXPERIMENTAL PART. 


I. The Acylisoureas. 

The acylisoureas were obtained during this investigation by 
two methods: First, from acyl mustard oils by the method of 
Miquel, as improved by Lossner, Dixon, and Wheeler and John- 
son;* second, the method of Stieglitz and McKee.* 

The first method is very much the longer and more tedious, 
requiring the four successive reactions after the preparation of 
the mustard oils, and gives smaller yields than the second one. 

By the second method the acylisoureas are very readily and 
simply obtained by treating the isoureas with acyl chlorides and 
potassium hydroxide. The isoureas themselves were very easily 
accessible in any quantity by the methods of Stieglitz and Dains, 
and Stieglitz and McKee. In some cases these have been made 
still more rapid and convenient by modifications by Dr. R. H. 
McKee of some of the experimental conditions originally used. 
These modifications have not yet been published by Dr. McKee, 
but they were kindly furnished to me by the latter while this 
work was in progress. The first new acylisourea prepared was 
the methyl ether of symmetrical m-nitrobenzoylphenylisourea. It 
was prepared in the hope that the strong negative character of the 
acyl radical would make it easy to saponify the body and in the 
expectation that it would prove to be a solid which would serve 
as a rapid and convenient test for the presence of methyl phenyl- 

1 Vide Bredig : Zischr. phys. Chem., 13, 289 (1894) 


“Am, Chem, /., 26, 217 (1901). 
aD 8 c. cul. 
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< 


isourea in oily mixtures. Only the latter expectation was ful- 
filled. 

m-Nitrobenzoylsulphocarbimide, m-NO,C,H,CONCS, was pre- 
pared from 25 grams dry lead sulphocyanate (about twice the 
theoretical amount) and 12.5 grams m-nitrobenzoyl chloride in 
the presence of dry benzene, according to the general method of 
Dixon.’ It was purified by fractional precipitation by petroleum 
ether and recrystallization from the same solvent. It melts at 
94°. The analysis gave 13.58 per cent. N; calculated, 13.49 per 
cent. 

Methyl m-Nitrobenzoylthiocarbonate, 

m-NO.C,H,CONC (SH)OCHs. 

—The greater part of the benzene solution of the carbimide ob- 
tained in the last experiment was mixed with a slight excess of 
anhydrous methyl alcohol and the mixture was gently warmed 
on the water-bath and set aside for a few hours. Masses of light 
yellow crystals of the appearance of velvet buttons were then ob- 
served. These crystals were recrystallized from hot 80 per cent. 
alcohol. The substance melted at 120°. 3.5 grams of the pure 
substance were obtained. Upon evaporation the benzene solution 
left 4 grams of a light yellow solid, which melted at 70°. This 
was methyl m-nitrobenzoate. 

Analysis of the crystals melting at 120° gave the following 
figures: 11.86 per cent. N.; calculated for C,H,O,N,S, 11.64 
per cent. 

About 3.25 grams of the carbonate were suspended in a little 
anhydrous methyl alcohol and the calculated amount of potassium 
hydroxide dissolved in the minimum amount of methyl alcohol 
was added. Thin, small scales of the potassium salt were precip- 
itated. The salt, which is very soluble in water, was filtered off, 
washed with absolute ether and dried on a clay plate. The yield 
was 3 grams. Some of the salt, when heated, decomposed at 
about 260°. 

Methyl Ethyl m-Nitrobenzoylimidothiocarbonate, 

m-NO,C,H,CONC (SC,H,;)OCHs,. 
—Three grams of the above salt were suspended in a little abso- 
lute methyl alcohol and the calculated quantity (1.7 grams) ethyl 

1 Loc. cit. 
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iodide added. The needle-like crystals which formed over night 
were recrystallized from methyl alcohol. The melting-point was 
constant at 78°. By evaporation another crop of the crystals was 
obtained from the mother-liquid. The analysis gave 10.65 per 
cent. N.; calculated, 10.47 per cent. 


Sym. O-Methyl m-Nitrobenzoylphenylisourea, 

m-NO,C,H,CONC(OCH,)NAC,H,. 
—This substance was prepared from the above compound and 
aniline, according to the method of Wheeler and Johnson’ for the 
preparation of methyl benzoylphenylisourea. Mercaptan was 
evolved and a dark-colored oil remained which amounted to nearly 
the calculated quantity for the isourea. When cooled in a freez- 
ing mixture, the oil solidified. The solid was washed with pe- 
troleum ether, dissolved in chloroform and reprecipitated by pe- 
troleum ether. The substance now had the form of needles, which 
melted at 124°. 

The same compound was also prepared much more easily from 
methyl phenylisourea, according to Stieglitz and McKee, as fol- 
lows: A mixture of I gram methyl phenylisourea in 15 cc. of 
alcohol-free ether and 0.4 gram potassium hydroxide in 0.5 cc. 
water was cooled to 0° and treated with 1.2 grams m-nitrobenzoyl 
chloride dissolved in a little absolute ether. A white flocculent 
substance separated. The ether was poured off and the residue 
extracted several times with more ether. The crystalline residue, 
insoluble in ether, was thoroughly washed with water. The vield 
was I gram and the melting-point 120°. Precipitated from a 
chloroform solution by petroleum ether, the substance was ob- 
tained in the form of colorless needles, which melted at 124°. 
Some of these crystals were mixed with those obtained by the 
method of Wheeler and Johnson, and the melting-point was un- 
changed. The ether extracts above obtained were now examined 
to see if they contained and isomeric methyl m-nitrobenzoylphenyl- 
isourea, The ether was evaporated and 0.3 to 0.4 gram of a some- 
what mucilaginous solid was left, which, after recrystallization, 
proved to be identical with the substance already obtained, which 
melted at 124°. The latter was analyzed and gave 14.08 per cent. 
N; calculated, 14.07 per cent. 


1 Loc. cit. 
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Sym. m-Nitrobenzoylphenylurea, 
m-NO,C,H,CONCONHC,AH,. 

—A small amount of the isourea was decomposed by dry hydro- 
gen chloride at 90° to 130° and gave methyl chloride and sym. 
m-nitrobenzoylphenylurea. The latter was purified by repeated 
extraction with boiling alcohol or by recrystallization from a large 
quantity of boiling alcohol. It formed very fine, colorless needles 
soluble in hot water, little soluble in ether and melting at 224° 
to a clear colorless liquid. The same substance also may be ob- 
tained from the isourea by the action of warm concentrated hy- 
drochloric acid. The analysis gave 14.88 per cent. N; calculated, 
14.77 per cent. 

Action of Potassium Hydroxide on Sym. O-Methyl m-Nitro- 
bensoylphenylisourca.—Very many attempts were made to saponify 
the acylisourea in the hope of developing a new method of prepar- 
ing isoureas. Potassium hydroxide and weaker bases (e. g., lead 
hydroxide) were used in aqueous and alcoholic mixtures in the 
cold and at elevated temperatures. The saponification was ob- 
served to go with difficulty and to result in the almost total de- 
composition of any isourea that may have been first formed. Only 
very small quantities of the isourea were isolated. A single ex- 
periment will illustrate the process used. 

Three grams methyl m-nitrobenzoylphenylisourea were boiled 
for one hour under a reflux condenser with 0.7 gram (1 mol. +) 
potassium hydroxide in 10 cc. water; a little more of the alkali 
was gradually added, as the action seemed slow. Most of the sub- 
stance finally passed into solution. The whole solution became 
dark red in color and smelled of aniline and ammonia. Upon 
cooling, a dark red gum separated out, but was not removed. 
Ten grams potassium hydroxide were now added and the solu- 
tion extracted with ether. A dark red solid remained undissolved 
by the ether. This solid was dissolved in water and the solution 
acidified with hydrochloric acid. A brown mucilaginous precip- 
itate was obtained. This was washed with alcohol and gave a 
yellow powder, which did not melt when heated to 270°, but black- 
ened. The acid solution, when cooled with ice, gave another 
considerable precipitate, which melted sharply at 140°, even when 
mixed with m-nitrobenzoic acid. The ether was distilled from 
the ether extract and a small amount of a reddish oil remained 
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which contained some colorless crystals. The oil, when tested 
for aniline with nitrous acid, gave a strong phenol odor and a deep 
red oil. The remainder of the reddish oil was taken up in petro- 
leum ether; the colorless crystals remaining melted at 147°, and 
when mixed with phenyl urea still melted at 147°. The petroleum 
ether was distilled off and the oil which was left gave, when 
treated with dry hydrogen chloride, no methyl chloride. Hence 
no isourea was present. A very little of the oil gave a strong 
test for aniline with bleaching-powder. The chief products of 
the reaction—m-nitrobenzoic acid and aniline—showed that com- 
plete decomposition of the acylisourea had occurred. 

Sym. O-Methyl Benzoylphenylisourea, 

C,H,CONC(OCH,)NHC,A,. 

—This compound, which had been prepared both by Wheeler and 
Johnson, and by McKee and described by them as an oil, was 
obtained in the form of fine needles, which, when pure, melt at 
50°. 5.8 grams dimethyl benzoylimidothiocarbonate were con- 
verted into the benzoylisourea ether by treatment with aniline, 
according to the method of Wheeler and Johnson. The resulting 
oil was set aside and after one day fine yellow crystals began to 
separate in the form of needles which, in one day more, penetrated 
the whole mass. As the quantity of these crystals did not in- 
crease after standing several weeks, the substance was exposed. 
all day to the winter cold (—1o°) and the whole mass solidified. 
The solid was purified by cooling a concentrated methyl alcohol 
solution of it in a freezing-mixture. The pure crystals melt at 
50° and evolve methyl! chloride almost quantitatively when treated 
with dry hydrogen chloride. Some of the substance in petro- 
leum ether solution was treated with hydrogen chloride and a 
precipitate was obtained which, when purified, melted at 205°, 
the melting-point of sym. benzoylphenylurea. This proves that 
the substance melting at 50° is symmetrical methyl benzoylphenyl- 
isourea. 

ihe same compound was also prepared by McKee’s method 
and obtained in crystalline form. 

Action of Potassium Hydroxide on O-Methyl Benzoylphenyl- 
isourea.—Six grams of the isourea were mixed with 1.4 grams 
(1 mol.) potassium hydroxide in 25 cc. water and vigorously 
boiled under a reflux condenser for about a half hour. Some of 
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the oil was then taken out and tested with hydrochloric acid. As 
the formation of benzoylphenylurea showed that a considerable 
quantity of the original isourea was still present, 5 cc. of alcohol 
and I gram more of potassium hydroxide were added and the 
boiling continued for another half hour. During the boiling a 
strong odor of ammonia was observed. All the oil finally disap- 
peared. After the addition of 15 grams of potassium hydroxide 
to the cold solution a white crystalline solid separated out. This 
was filtered off, washed with ether and dried. The amount was 
1.5 grams. ‘This solid was dissolved in water and the solution 
. acidified with dilute hydrochloric acid. Benzoic acid was pre- 
cipitated (m. p. 122°). The alkaline solution was extracted sev- 
eral times with ether and then acidified with hydrochloric acid; 
more benzoic acid was precipitated. The ether solution was dried 
with freshly ignited sodium sulphate and the ether distilled 
off. A thick, light yellow oil remained. When tested with con- 
centrated hydrochloric acid the oil showed the presence of a small 
amount of the original methyl benzoylphenylisourea. Some of 
the residue was washed with dilute acetic acid and gave a solid, 
which melted at 155°. Some of this solid was mixed with benz- 
anilide (m. p. 161°) and the mixture still melted at 155°. The 
remainder of the oil was extracted with petroleum ether, which, 
upon evaporation, left 1.4 grams of an oil. The oil was distilled 
at 10-20 mm. pressure and part of the material came over at 100°, 
but nothing more distilled, although the bath was heated to 220°. 
The distillate boiled under atmospheric pressure at 183° and a 
few drops treated with benzoyl chloride gave benzanilide (m. p 
161°, unchanged by synthetic benzanilide). The above residue, 
insoluble in petroleum ether, was dissolved in ether and 1 mol. 
(calculated for methyl phenylisourea) of potassium hydroxide 
in I cc. of water was added. The whole was then cooled to 0° 
and 1 mol. m-nitrobenzoy! chloride in absolute ether was slowly 
added. The ether solution was then poured off and the ether was 
evaporated. The white, gummy mass remaining was purified by 
treating a chloroform solution of it with petroleum ether. A 
very small amount of a substance was obtained, which melted at 
124°. The melting-point: was not changed when it was mixed 
with m-nitrobenzoylphenylisourea. It follows that the substance 
which reacted with the m-nitrobenzoyl chloride was methyl] phenyl- 
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jsourea. But it formed only a very small part of the products of 
the reaction. It must have been formed as follows: 
C.H,CONC(OCH,)NHC,H, + KOH — 

C,H,NHC(OCH,): NH + C,H,COOK. 

Many other experiments, varying all possible conditions, were 
made on the saponification of methyl benzoylphenylisourea for 
the purpose of improving the yield of the phenylisourea, but noth- 
ing more than a trace was ever obtained. 

It was found by Dixon that when methyl benzoylisourea was 
boiled with a large excess of aqueous potassium hydroxide com- 
plete saponification to benzoic acid, alcohol, carbon dioxide and 
ammonia occurred. My results on the action of alkalies on methyl 
benzoylphenylisourea also show complete saponification of the 
molecule, with a destruction of the urea radical. 

Silver Salt of sym. Methyl Benzoylphenylisourea, 

C,H,C (OAg): N.C(OCH,) : NC,H,. 

—Silver nitrate (0.25 gram, a little less than 1 molecule) dissolved 
in 8 cc. of 50 per cent. methyl alcohol was slowly added to a 
mixture of methyl benzoylphenylisourea (0.4 gram dissolved in 
10 cc. methyl alcohol) and sodium methylate (from 0.07 gram 
sodium and 10 cc. methyl alcohol). A little silver oxide which 
formed was filtered off and the filtrate was treated with water; 
a white precipitate, very difficult to purify, was obtained. The 
substance was thoroughly washed with water and ether and dried 
on a clay plate in vacuo. A silver determination gave 30.50 per 
cent. Ag.; calculated for C,,H,,O,N,Ag, 29.92 per cent. 

The silver salt, when treated with methyl chloride, gave chiefly 
methyl benzoylphenylisourea again, no alkylation of the substance 
being produced. The recovered benzoylphenylisourea gave methyl 
chloride and benzoylphenylurea (m. p. 205°) and formed a plat- 
inum salt which gave 21.24 per cent. platinum; calculated, 21.24 
per cent. 


O-Methyl Benzoylisourea Hydrochloride, 
C,H,CONHC(OCH,)NH.HCI. 
—Methyl benzoylisourea (0.5 gram) was dissolved in absolute 
ether and dry hydrogen chloride passed into the solution. The 
precipitate was filtered off, washed with absolute ether and dried 
in a vacuum over concentrated sulphuric acid and solid potassium 
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hydroxide. The salt now evolved methyl chloride when heated 
to 50°. The methyl benzoylisourea itself, when treated with dry 
hydrogen chloride without a diluent, gave off methyl chloride at 
ordinary temperatures. Chlorine determinations of the salt freshly 
prepared, and as dried for two days, gave 16.46 and 16.06 per 
cent. Cl.; calculated, 16.50 per cent. 

Hence, in the course of two to three days the salt must have 
undergone some decomposition with the loss of methyl chloride. 
This conclusion is further confirmed by the fact that when II 
was prepared for analysis, a slight amount of the substance 
was found to be insoluble in water, whereas I dissolved im- 
mediately and completely. 


The Sodium Salt of O-Methyl Benzoylisourea, 
C,H,C(ONa):N.C(OCH,): NH. 

—The isourea (0.5 gram) was dissolved in the least possible 
quantity of absolute methyl! alcohol and a slight excess of sodium 
methylate, dissolved in the minimum amount of dry methyl alco- 
hol, was added. An oil was precipitated which, after standing 
for some time, solidified. In another experiment the oil solidified 
at once when seeded with a little of the sodium salt. The yield 
was quantitative. The analysis gave 11.86 per cent. Na.; calcu- 
lated, 11.50 per cent. 

As in the case of the silver salt of benzoylphenylisourea methyl 
ether, all attempts to methylate the sodium salt led to the forma- 
tion of the original substance, benzoylisourea. 


Action of Acetyl Chloride on Methyl Phenylisourea. 


Five grams methyl phenylisourea were dissolved in 25 cc. ether 
and 2 grams (1 mol. +) potassium hydroxide in 2 cc. water were 
added and the mixture cooled by ice-water. The flask was then 
removed from the cold water and 2.7 grams (1 mol.) acetyl chlo- 
ride added at once and the whole well shaken for about half an 
hour or until all the acetyl chloride was used up. The ether solu- 
tion was filtered off and the residue extracted several times with 
ether, the extracts being added to the first filtrate. The ether 
solution was dried with anhydrous sodium sulphate, filtered and 
evaporated in vacuo. A white solid was left, mixed with a little 
clear, colorless oil. The oil was taken up in a little petroleum 
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ether, most of the solid (X) remaining. When the petroleum 
tion washed with a little water, then with a very little dilute 
(X) and (Y), as will be proved presently, are the isomeric methyl 
acetvyIphenylisoureas. In the solid (X) the acetyl and phenyl 
groups are attached to the same nitrogen atom, and in the oil (Y) 
these groups are bound to different nitrogen atoms. 


Sym. O-Methyl Acetylphenylisourea, 
CH,CONHC(:NC,H,;)OCHs. 


—The oil (Y) was dissolved in alcohol-free ether, the ether solu- 
tion washed with a little water, then with a very little dilute 
hydrochloric acid to remove any excess of methyl phenylisourea, 
then three more times with a little water. It was finally thor- 
oughly dried with freshly ignited sodium sulphate. Nearly all 
the ether was evaporated and the remaining ether solution de- 
canted from a few crystals which had separated, and the ether 
completely evaporated. An oil was left which, when exposed all 
day to the winter cold, showed no tendency to solidify. The com- 
pound was identified in the following way: A small amount was 
dissolved in absolute ether and dry hydrogen chloride passed into 
the cold solution; a white precipitate, which formed at once, was 
filtered off and placed on a clay plate in vacuo for two days. The 
substance then melted at 125°-155°. Washed with alcohol and 
dried, the compound melted at 182° to a clear colorless liquid 
and when mixed with synthetic sym. acetylphenylurea it still 
melted at 182°. Hence, the original oil (Y) was symmetrical 
O-methyl acetylphenylisourea. The latter when treated in ether 
solution with hydrogen chloride either reacted at once, giving 
the corresponding urea, or else the hydrochloride was first formed 
and then spontaneously decomposed when left in vacuo for two 
davs. Experiment showed that the former reaction takes place, 
the methyl acetylphenylurea being formed at once from the 
corresponding isourea. The hydrochloride itself is, under 
these conditions, entirely unstable. Some of the oil (Y) when 
treated with dry hydrogen chloride evolved methyl chloride when 
heated to 60°. 

Two attempts further to identify the sym. methyl acetylphenyl- 
isourea by analysis gave low results for nitrogen, which showed 
that the substance was not obtained absolutely pure. Analytical 
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evidence identifying it completely was obtained, however, by the 
preparation and analysis of its chlorplatinate. 

Some of the oil (Y) was dissolved in absolute ether and the 
calculated quantity of hydrochlorplatinic acid dissolved in a little 
absolute alcohol added. A light yellow crystalline precipitate 
formed immediately. This precipitate was washed several times 
with absolute ether and dried for half an hour over concentrated 
sulphuric acid and solid potassium hydroxide. It then gave 24.73 
and 24.17 per cent. Pt.; calculated for C,,H,,O,N,PtCl,, 24.54 
per cent. 


Asym, O-Methyl Acetylphenylisourea, 
CH,CO(C,H,)NC(:NH)OCH3. 

—The solid (X), recrystallized several times from boiling petro- 
leum ether, was obtained in the form of long, beautiful, rhombic 
prisms which melt at 102° and are very soluble in chloroform, 
benzene, acetone and alcohol, quite easily in ether, but somewhat 
less soluble in petroleum ether. The analysis gave 14.25 per cent. 
N.; calculated, 14.58 per cent. 


Asym. Acetylphenylurea, CH,CONC,H;CONH,.—The ether 
(X), 0.5 gram, was treated with dry hydrogen chloride. Methyl 
chloride, which began to form at ordinary temperature, was ob- 
tained in quantity (35 cc.) under the influence of gentle heat, and 
asym. acetylphenylurea was left as a white solid in the reaction 
vessel. It was recrystallized twice from hot water and obtained in 
the form of fine needles. These melted at 167° to a turbid liquid 
as if on melting there had been decomposition. Mixed with sym. 
acetylphenylurea (m. p. 183°) the melting-point was depressed to 
154°. 

Asym. O-Methyl Acetylphenylisourea Hydrochloride, 

CH,CON (C.41,)C (:NH)OCH, ACI. 
—The asym. acylisourea, 1 gram, was dissolved in absolute ether 
and dry hydrogen chloride passed into the cold solution. The 
white precipitate was washed with absolute ether and placed in 
vacuo over concentrated sulphuric acid and solid potassium hy- 
droxide for forty-five minutes. A sample of the substance was 
then dissolved in water, only a very slight turbidity appearing, 
the solution neutralized with sodium bicarbonate and titrated with 
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tenth-normal silver nitrate, which gave 15.60 per cent. Cl.; calcu- 
lated, 15.49 per cent. 

Asym. methyl acetylphenylisourea, when treated with dry hy- 
drogen chloride, at once liquefied and evolved methy! chloride at 
the ordinary temperature. 

About 1.5 grams of the solid asym. acylisourea, not quite pure, 
was placed in a sample tube and kept for a year and a half. The 
tube was then found to contain an oil, near the top of which a few 
plate-like crystals (about 0.1 gram) adhered to the side of the 
tube. The substance was placed in a freezing-mixture and cooled 
to (—10°) for several hours, but showed no tendency to solidify. 
The plate-like crystals mentioned above were removed, powdered 
and washed with petroleum ether. The body melted at 112°, even 
when mixed with acetanilide. No asym. acylisourea could be 
obtained from the oil by treating it with petroleum ether accord- 
ing to the method already pursued for the separation of the two 
isomers. Some of the oil was now placed in a sample tube and 
treated with dry hydrogen chloride. Methyl chloride began to be 
evolved at a temperature of 60°. The solid residue was washed 
with petroleum ether and the melting-point was found to be 183°, 
which shows that the product was sym. acetylphenylurea. Hence 
it is evident that the asym. O-methyl acetylphenylisourea originally 
placed in the tube had, on being kept, passed over completely, 
with the exception of a small amount which had decomposed, into 
the more stable isomeric sym. O-methyl acetylphenylisourea. The 
rearrangement can be expressed as follows: 
CH,CONC,H,.C(OCH,) : NH -— 

HNC,H,C(OCH,) : NCOCH3. 

It was found that when the crystalline isomer is perfectly pure, 
this transformation is much slower. Some of the pure crystals 
when kept several months adhered to each other and the melting- 
point had fallen only 7°-10°. 


Action of Sodium Methylate and Silver Nitrate on Asym. 
Methyl Acetylphenylisourea.—A solution of sodium methylate 
(from 0.06 gram sodium and 3 cc. pure methyl alcohol) was added 
to 0.5 gram asym. methyl acetylphenylisourea (1 mol.) dissolved 
in 2.5 cc. methyl alcohol. Silver nitrate, 0.4 gram (0.8 mol.), dis- 
solved in 5 cc. water, was gradually but rapidly added to the mix- 
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ture and this thoroughly shaken and cooled under the water tap. 
The precipitate, which began to form at once, was at first brown, 
but it quickly changed to a light cream color. It was immediately 
filtered off, washed with a mixture of methyl alcohol and water 
(1:1) until the washings were no longer alkaline to sensitive lit- 
mus paper, brought on a clay plate and placed at once in a vacuum 
desiccator over concentrated sulphuric acid and solid potassium 
hydroxide. The yield appeared good. The filtrate when diluted 
had a strong odor of methyl acetate. As soon as the silver salt 
was dry, analyses were made. There was found, 41.83, 41.40 and 
41.83 per cent. Ag.; calculated for C,,H,,O,N,Ag, 41.94 per cent. 
From the analyses it is apparent that the silver compound ob- 
tained was not the salt of methyl acetylphenylisourea, but the silver 
salt of methyl phenvlisourea itself, the acyl group having been 
saponified away by the treatment with sodium methylate: 


CH,CONC,H,C( : NH)OCH, + NaO.CH, + AgNO, -—> 
CH,COOCH, + AgNC(OCH,) NHC,H, + NaNO,. 
The asym. acylphenylisoureas are therefore saponified rapidly and 
smoothly to isoureas, in marked contrast to their symmetrical 
isomers. 
The same silver salt was now prepared directly from O-methy] 
phenylisourea. 


Silver O-Methyl Phenylisourea, AgNC(OCH,)NHC,H, or 
HNC(OCH,)NAgC,H,.—To a methyl alcohol solution of 0.5 
gram methyl phenylisourea was added a solution of 0.45 
gram (about 0.8 mol.) silver nitrate in a mixture of water and 
methyl alcohol (1:1) and then to the whole was added, drop by 
drop, with constant shaking, a concentrated sodium methylate 
solution prepared from 0.057 gram (0.75 mol.) of sodium. The 
pure white curdy precipitate was filtered off, thoroughly washed 
with cold water until the washings were no longer alkaline, then 
several times with very dilute acetic acid to remove any silver 
oxide and finally with a little methyl alcohol. The analysis gave 
42.08 per cent. Ag; calculated, 41.94 per cent. 

This salt was also prepared in water solution as follows: Toa 
saturated aqueous solution of 0.5 gram methyl phenylisourea a 
little less than the calculated quantity of normal sodium hydroxide 
was added and then the whole was treated with somewhat less than 
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the theoretical amount of silver nitrate in 10 cc. of water. The 
salt prepared by this method had a yellow color and was much 
more difficult to purify than when prepared according to the 
method given above. 

The silver salt of methyl phenylisourea, 0.5 gram, was suspended 
in absolute ether, the whole well cooked and a slight excess (3 
grams) acetyl bromide added and the mixture allowed to 
stand in the dark for several days with frequent shaking. The 
ether solution was filtered off and evaporated in vacuo. 2.5 
grams of an oil was left which, according to the following tests, 
consisted largely of sym. methyl acetylphenylisourea. Some of the 
oil was dissolved in absolute ether and treated with dry hydrogen 
chloride. A mucilaginous precipitate was filtered off and placed 
in vacuo over night. This precipitate, when washed with absolute 
alcohol and dried, melted at 183°. Mixed with sym. acetylphenyl- 
urea, the melting-point was unchanged. 

The formation of the sym. acetyl derivative favors the following 
as the probable constitution of the silver salt: 

AgN:C(OCH,)(NHC,H;). 

As a rule, the metal, in the salts of the phenyl amidines, is 
supposed to go to the phenylamide group.’ 

Silver Salt of O-Ethyl Phenylisourea, HNC,H;C(OC,H,;)NAg 
or C,H,0.C(NH)NAgC,H;.—To 0.5 gram ethyl phenylisourea 
in 5 cc. absolute ethyl alcohol was added 0.5 gram (0.9 mol.) of 
silver nitrate dissolved in a mixture of water and ethyl alcohol 
(1:1). The whole was then treated, slowly and with constant 
shaking, with an ethyl alcohol solution of sodium ethylate pre- 
pared from 0.06 gram (0.9 mol.) of sodium. The curdy pre- 
cipitate was filtered off, washed, dried and analyzed, giving 39.88 
per cent. Ag; calculated, 39.80 per cent. 

Silver Salt of Sym. Methyl Acetylphenylisourea.—Sym. methyl 
acetylphenylisourea, 0.4 gram, was nearly all dissolved in about 12 
cc. of water and 1.8 cc. (0.85 mol.) normal sodium hydroxide was 
added and then 16 cc. (0.8 mol.) tenth-normal silver nitrate, drop 
by drop. with shaking. The nearly white precipitate was filtered off, 
and washed with water until the washings were only slightly alka- 
line. An attempt was made to wash with methyl alcohol, but the 
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first drop dissolved some of the precipitate and no more was added. 
The washing was completed with ether and the salt dried in the 
usual way. The analysis gave 35.72 per cent. Ag; calculated for 
C,,H,.O0.N.Ag, 36.06 per cent. 

O-Methyl Acetylisourea, CH,CONC (OCH, ) NH,.—Methyl iso- 
urea hydrochloride, 2 grams, and about 15 cc. absolute ether were 
placed in a flask, 2 grams (2 mols.) potassium hydroxide in 1 ce. 
water were added, the mixture shaken and the whole cooled to 0°. 
Two grams (1 mol.) acetic anhydride were now added and the 
mixture shaken for some time. The ether solution was poured 
off, the residue extracted again with ether and nearly the whole 
of the latter allowed to evaporate in the air. The extract was then 
placed in a vacuum desiccator for an hour or two. The substance, 
which was at first oily, became solid. It was purified by recrystal- 
lization from warm petroleum ether. After one recrystallization 
the melting-point was constant at 58.5°. The analysis gave 23.94 
per cent. N.; calculated, 24.19 per cent. 

Silver Salt of O-Methyl Acetylisourea, 

CH,C(OAg): NC(OCH,): NH. 

—Methyl acetylisourea, 1.5 grams, was dissolved in about 8 cc. 
absolute methyl alcohol and a concentrated methyl alcohol 
solution of sodium methylate (0.8 mol.) was added and the whole 
treated with 1.3 grams silver nitrate. The white gelatinous pre- 
cipitate was washed as thoroughly as possible until the washings 
were only very slightly alkaline. The yield was good. There 
was found, on analysis, 48.14 per cent. Ag; calculated, 48.35 per 
cent. 

O-Methyl m-Nitrobensoylisourea, 

m-NO,C,H,CONC(NH,)OCH,. 
—Methy! isourea hydrochloride, 3 grams, was dissolved in about 
20 cc. water and 3 grams (2 mols.) potassium hydroxide dissolved 
in a little water were added and then 5.1 grams (1 mol.) m-nitro- 
benzoyl chloride and the whole thoroughly shaken. A colorless 
solid separated out. The yield was almost quantitative. The 
substance was dissolved in benzene or in chloroform and repre- 
cipitated by petroleum ether. In this way it was obtained in the 
form of fine needles melting at 115°. These gave 19.00 per cent. 
N.; calculated, 18.87 per cent. 
(To be continued.) 
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THE ATOMIC WEIGHT OF INDIUS1. 


[PRELIMINARY NOTE. ] 


By lL. M. DENNIS AND W. C. GEER. 


Received February 15, 1904. 

Tur publication of a preliminary note by A. Thiel’ upon “The 
Atomic Weight and Some New Compounds of Indium” leads 
the authors to describe briefly the results of an investigation, be- 
gun some months ago and not yet completed, upon the same sub- 
ject. 

The indium used in our work was purchased on the market in 
the metallic form. In studying methods for its purification for 
the atomic weight determinations that are now being carried for- 
ward the following observations have been made: 

[ron can be separated from indium by adding potassium sulpho- 
cyanate to a slightly acid solution of the chlorides of the two 
metals, and separating the ferric sulphocyanate by shaking up 
this aqueous solution with ether. The removal of iron by this 
method is complete, but the ether solution of the ferric sulpho- 
cyanate contains traces of indium. 

Anhydrous ferric chloride and anhydrous aluminum chloride 
in alcoholic solutions give no precipitate with pyridine. An- 
hydrous indium chloride in alcoholic solution gives with pyridine 
a heavy white precipitate. This precipitate is soluble in a rather 
large excess of pyridine, is diffictiltly soluble in absolute alcohol, 
and difficultly soluble in ether. It is changed by water to the 
flocculent indium hydroxide. This change is facilitated by warm- 
ing the precipitate. Commercial indium, when dissolved in hy- 
drochloric acid, evaporated to dryness on the water-bath, and, taken 
up with absolute alcohol, gave, with pyridine, this white pre- 
cipitate which, when tested with potassium sulphocyanate, showed 
no iron, although the solution from which the indium was pre- 
cipitated reacted strongly for iron. 

An aqueous solution of hydroxylamine precipitates gelatinous 
indium hydroxide. In the presence of hydroxylamine hydrochlo- 
ride, hydroxylamine produces no precipitate. 


The ordinary yellow indium oxide is reduced by dry ammonia 


1 Ber. d. chem. Ges., 375 175 (1904). 
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gas at a temperature of between 200° and 300° with, however, 
some volatilization, as observed by Thiel. 

Anhydrous indium chloride when volatilized in a current of 
dry ammonia gas forms a white, crystalline, volatile addition- 
product. 

Metallic indium is easily precipitated by electrolysis from chlo- 
ride or sulphate solutions in the presence of pyridine, hydroxyl- 
amine, or formic acid. Indium does not separate satisfactorily 
from solutions containing oxalic acid or oxalates. From acetate 
solutions the deposit is rather gray in color and tends to be 
spongy. From a solution of indium chloride containing pyridine 
metallic indium deposited on the cathode as a brilliant, whitish, 
compact coating. This deposit, when dissolved in hydrochloric 
acid, showed no iron even when iron was present in the original 
solution that was electrolyzed. From solutions containing hy- 
droxylamine hydrochloride and hydroxylamine in slight excess, 
a brilliant compact deposit was obtained. 

The best results, however, were obtained by observing the follow- 
ing conditions: Yellow indium oxide was dissolved on the water- 
bath in 6 N sulphuric acid, with careful avoidance of an excess of 
the acid. To this solution 25 cc. of formic acid (sp. gr. 1.20) and 
5 cc. of ammonium hydroxide (sp. gr. 0.908) were added, and the 
whole diluted to 200 cc. The current density employed varied 
from N.D,,, = 9-12 amperes, the amounts of metal precipitated 
in the different experiments varying from 0.2 to 1.5 grams. The 
indium was deposited upon a’rotating cathode, a Classen dish, 
and also upon small platinum strips. All of these methods of 
procedure gave equally good results. Using the above-described 
solution, platinum black was not formed, the cathodes remaining 
perfectly bright after the metal was dissolved off. Under the 
microscope the deposit is brilliant, compact, and microscopically 
crystalline. Apparently it is not acted upon by the air. The 
platinum cathode was never attacked during the electrolyses if 
the solution contained formic acid, but in the absence of this sub- 
stance very small amounts of platinum black were formed when- 
ever a solution of the chloride was electrolyzed. 

Indium nitrate crystallizes from aqueous solutions in the pres- 
ence of ammonium nitrate and separates in the form of a white, 
beautifully crystalline ammonium indium nitrate. 


CORNELL UNIVERSITY, 
February, 1904. 
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NEW BOOKS. 
TREATISE ON THERMODYNAMICS. By DR. MAX PLANCK, Professor of 
Theoretical Physics in the University of Berlin. Translated by Alex- 
ander Ogg. London and New York: Longmans, Green & Co. Price, 


$3.00. 

This is a fairly elementary treatise on the general subject of 
thermodynamics, accessible, as the author himself says, to those 
“who have taken elementary courses in physics and chemistry, 
and are familiar with the elements of the differential and integral 
calculus.” 

The subject is treated under the four general heads: Funda- 
mental Facts and Definitions; The First Fundamental Principle 
of Thermodynamics ; The Second Fundamental Principle of Ther- 
modynamics; and Applications to Special States of Equilibrium. 
It would be equally presumptuous to praise or adversely criti- 
cize a work on thermodynamics by Planck. The name of the 
author is a sufficient guarantee of the value of the work. 

Although the English at times leaves something to be desired, 
the work of the translator, on the whole, seems to be satisfactory. 

Harry C. Jones. 


VORLESUNGEN UBER THEORETISCHE UND PHYSIKALISCHE CHEMIE. VON 
J. H. vAN’T HoFF. Drittes Heft. Beziehungen zwischen Eigenschaften 
und Zusammensetzung. Zweite Auflage. Braunschweig: Friedr. 
Vieweg und Sohn. Ladenpreis, geheftet, Mk. 4. 

The second edition of the third part of van't Hoff’s now well- 
known lectures does not differ greatly from the text of the first 
edition, although some minor changes in favor of clearness have 
been made in several places and the number of references has 
been increased. The section on liquid volumes has been simpli- 
fied and enlarged so as to include a graphic representation of vol- 
ume relations. On pages 82-83 the author gives, in this edition, 
a retrospect of the methods for the determination of molecular 
weights of liquids. The general introductory passages to the 
section on the relations between chemical properties and com- 
position have been enlarged to show that some of the formulas 
used for the relations between physical properties and composi- 
tion can, with slight changes, be generalized to include chemical 
phenomena. But, on the whole, the added matter is slight, 
amounting to about ten pages in all. FRANK K. CAMERON. 
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INTRODUCTION TO THE RARER ELEMENTS. BY PHILIP E. BROWNING, 
Pu.D., Assistant Professor of Chemistry, Kent Chemical Laboratory, 
Yale University. New York: John Wiley and Sons. 1903. 155 pp. 
Price, $1.50. ; 

To those interested in the chemistry of the rarer elements this 
compilation of the scattered and oftentimes difficultly accessible 
literature of the subject will prove most acceptable. In the treat- 
ment of each element the author discusses its discovery, its occur- 
rence in nature, its extraction from these natural compounds, the 
preparation and properties of the element and of the typical com- 
pounds that it forms, the leading characteristics of these com- 
pounds, and the best methods for the determination and separation 
of the element. In addition to these details there is given, under 
each group of allied elements, a series of laboratory experiments 
to be performed with the members of that group. 

The author’s treatment of this quite intricate subject is clear 
and concise, and the book will form a most useful guide to those 
who wish to study these interesting groups of elements, and also 
to analysts who have to deal with the separation and determina- 
tion of these substances. 

The few errors that have crept into this first edition are of 
minor importance and do not seriously impair the value of the 
work. The usefulness of the experimental methods that are de- 
scribed would, however, be greatly increased if these methods 
were given in more detail, and it is to be hoped that in the second 
edition the author may so expand those portions of the work 
dealing with the extraction and separation of the rarer elements 
as to furnish to chemists more complete instructions for the per- 
formance of these processes. L. M. DENNIs. 


PROCEEDINGS OF THE CHEMICAL METALLURGICAL AND MINING SOCIETY 
OF SoUTH AFRICA—WITH APPENDIX. FEBRUARY, 1897, TO SEPTEM- 
BER 18, 1899. R. W. HuNTER, Edinburgh; or Engineering and Min- 
ing Journal, New York: Price, 2Is. net. 

The publication of this volume was delayed because of the war, 
and though much of the contents has been more recently discussed 
in technical journals relating to metallurgy and mining, the con- 
tents of this volume will be found of particular value to those 
engaged in the metallurgy of gold. 

In the Transvaal the cyanide process had its first practical 
application, and nowhere else, probably, has it received such 
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attention, or been carried out on such a large scale, so that in the 
papers read, and in the discussion of them, much valuable infor- 
mation on’ this subject is to be found, not only relating to the 
general application of the process, but to the more strictly chemical 
and electrochemical problems incidental to its application. 

The book contains valuable papers on assaying and sampling, 
as well as upon the theoretical side of chemistry, and some of its 
more general applications. 

Mr. Chas. Butters, in his presidential address, gives an exten- 
sive review of the metallurgy of gold, and Prister gives an ex- 
tensive account of the manufacture of nitro-explosives. The 
Malay tin industry is discussed by Flower-Ellis. 

Dr. J. Loewy, in his presidential inaugural address, discussed 
the influence of temperature on the cyanide process, in which he 
states that in treating pyritic ore containing 4 oz. of gold per 
ton with a solution of cyanide at 40° C., the extraction obtained 
after four hours’ leaching was 14 per cent. higher than that ob- 
tained by leaching the same ore with the same strength of solu- 
tion or 50 hours in the cold. The question of the difference in 
the percentage of the cyanide extraction in summer and in 
winter is discussed by various members, the tenor of the results 
indicating that a greater extraction is certainly obtainable in sum- 
mer than in winter. 

Mr. Chas. Butters, in a paper on the cyanide process, discusses 
at length the by-products from cyanide work. 

Among the papers bearing on electrochemistry is one by Prof. 
A. Von Oéettingen, Leipsic, on ‘‘Potential of the Electrodes in 
Solutions,” in which he first reviews the modern theory of solu- 
tions, and then takes up the application of the electrolytic dis- 
sociation theory to the explanation of the action of galvanic solu- 
tions. 

There is much discussion as to zinc versus electrolytic precipita- 
tion of gold from cyanide solutions. 

The assaying of bullion and the discussion of assay differences, 
and liquation in gold bars, occupies considerable space. 

Among the papers on analytical chemistry is that of Andrew 
F. Crosse on “The Estimation of Oxygen in Working Cyanide 
Solutions.” Perhaps the most valuable part of this publication 
is the record of the discussion by the members of the various 
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papers presented. These discussions, as well as the papers, 
though largely bearing on the metallurgy of gold, and conditions 
incident to the location, are well worth careful study by those 
interested in gold mining or its metallurgy. Wm. Hoskins. 


BENZOLTABELLEN. Darstellungsmethoden und Eigenschaften der einfac- 
heren, technisch wichtgen Benzolderivate. By DR. CARL SCHWALBE, 
Privatdocenten an der technischen Hochschule zu Darmstadt. Ber- 
lin: Verlag von Gebrtider Borntraeger. 1903. 266 pp. Price, 15 
Marks, 

The book, as stated in the introduction, is primarily for the 
use of the technical chemist, who has little or no time to devote 
to the study of the chemical literature. The author has selected 
about four hundred benzene derivatives—sulphonic acids, alde- 
hydes, amines, phenols, etc-—which he considers to be of tech- 
nical importance, and has given, in condensed form, their methods 
of preparation and the characteristic properties that serve for 
identification. The references to the chemical and patent litera- 
ture are very complete. 

As the author clearly states in his introduction, he does not try 
to give a description of every benzene derivative which is of com- 
mercial importance, but only those that serve as “Ausgangs-ma- 
terial” for the numerous compounds that are produced in the 
technical works. In the opinion of the reviewer the selection 
made by the author in some classes of derivatives is good, in 
others, compounds have been omitted which, if enumerated, would 
enhance the value of the book. For example: Among the sul- 
phonic acids of nitrobenzene the author mentions, together with 
other acids, “1 nitro-3-5-disulfonsaure and 1 nitro-2-4-disulfon- 
saure” with one chemical reference, and fails to recognize the two 
technically important sulphonic acids, ‘“Paranitrobenzylsulfon- 
saure, Darst. D. R. P. 15138, Frdl. II, 386, and Orthonitrobenzyl- 
sulfonsaure, D. R. P. 48722, Frdl. II, 98; Marckwald, Ber. 31, 
1855.” 

Another criticism that the reviewer has to offer is that the 
author has made no distinction between “Darstellungsmethoden 
and Bildungsmethoden”; where darstellungs and bildungs meth- 
ods are both given, if each were classified by themselves it would 
save much unnecessary reading on the part of the inexperienced 
chemist. 
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To the technical chemist the book may prove to be of some 
value. For the organic investigator or teacher (Academiker) 
the reviewer does not see the demand for such a book as the 
author has produced. With the means already at hand, “Beil- 
stein, Centrall-Blatt and Richter’s Lexicon,” the reviewer fails to 
see how the book will be of immediate help to the organic 
chemist. Treat B. JOHNSON. 


A SHORT HAND-BOOK OF OIL ANALYSIS. By AUGUSTUS H. GILL, S.B., 
PH.D. Third edition. Philadelphia: J. B. Lippincott Co. 1903. Cloth. 
159 pp. Price, $1.50. 

This handbook, the first edition of which was reviewed in this 
Journal (20, 237), “has been thoroughly revised and, by consul- 
tation with the literature, brought up-to-date; some sixteen pages 
of new matter have been added, including the latest methods of 
carrying out the iodine test, the bromine number, Halphen’s test 
for cotton-seed oil, and minor changes throughout the volume.” 

Professor Gill’s book is in no way intended to replace the larger 
treatises on this subject, such as Allen and Lewkowitsch, but is 
merely intended to be introductory to them. Necessarily, in such 
a small handbook, much of interest and value has been omitted, 
but the analytical methods that have been outlined are all of 
primary importance to the oil analyst. 

Besides the physical and chemical tests (the discussion of which 
occupies a little over one-half the book), a brief résumé of the 
technology and properties of the more commonly occurring oils 
is given. 

This handbook will be found particularly valuable to those 
just entering on a course of study in this line of work. 


FREDERICK L. DUNLAP. 


DISINFECTION AND THE PRESERVATION OF Foop. Together with an Ac- 
count of the Chemical Substances Used as Antiseptics and Preservatives. 

By SAMUEL RIDEAL, D.Sc. (Lond.). New York: John Wiley & Sons. 

1904. Third edition. 504 pp. Price, $4.00. 

The resetting of the type of this book in its third edition has 
given the author the opportunity of altering and revising the 
text wherever necessary, and adding to it whatever was thought 
best to make it correspond with our present-day knowledge of 
the subjects of which it treats. The scope of the book is wide and 
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includes Mechanical Disinfection, Sterilization by Heat, Chem- 
ical Disinfectants, Metallic Salts, Organic Substances, Compounds 
Related to the Alcohols, Practical Methods, Personal and Internal 
Disinfection, Preservation of Food, Legal Statutes and Regula- 
tions, and Methods of Analysis. The text shows evidence of 
having been written with a decided view towards accuracy of 
statement. It is a book that recommends itself in the highest 
degree to chemists interested in the subjects of which it treats; 
to sanitary officers; to inspectors of meat and milk and foodstuffs 
in general; to medical men, and to those engaged in the various 
industries in which disinfection and preservation of substances 
are concerned. JoHN MARSHALL. 


BONE PRODUCTS AND MANURES. By THOMAS LAMBERT. London : Scott, 
Greenwood & Co. 162 pp. Price, $3.00. 

The system of intense cultivation, practiced by the farmers of 
England, renders the contents of this book especially valuable to 
English farmers. American farmers, however, are rapidly com- 
ing to the same system of culture and hence the book does not 
come amiss for this country. 

The methods of preparing bones for fertilizing purposes and 
the characters of manure produced therefrom are treated rather 
from the popular than from the strictly scientific point of view. 

The relation of manures to soils and plant life form the subject 
of Chapter V and are of especial interest. The author says: 
“As the rich soil of a country becomes exhausted through cen- 
turies of crude agricultural working, so agriculture declines if no 
means are taken to restore by artificial means that wealth of nutri- 
ment which it formerly possessed, and, as it declines, so must the 
nation’s money be increasingly spent abroad to supply the neces- 
sary food.” 

While this remark is particularly true of England, it is not 
without significance for every country. It is stated on page 66 
that “The mineral constituents on which the fertility of a soil de 
pends are confined to phosphoric acid, potash, nitrogen in the 
form ammonia, and, to a lesser extent, lime.’ This statement 
would have been somewhat more accurate if it were modified to 
read, “nitrogen in the form of nitric acid,’ as ammonia is not 
known to be a direct fertilizer for green plants. The importance 
of providing these mineral substances for plant growth is illus 
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trated by quoting the words of a leading American agriculturist 
as follows: 

“The farmer raises no crops which do not contain them, he sells 
no animal or vegetable which does not take them from his farm, 
and he has no soil so rich that they, or some of them, need not be 
returned to keep up its fertility. Whatever course of cultivation 
he pursues, he should never lose sight of these elements, and he 
should pay no greater heed to the dollars and cents that he re- 
ceives and pays out than to the nitrogen, phosphoric acid, and 
potash which constitute his real available capital, and whose in- 
crease or decrease marks the rise and fall of his true wealth.” 

Manures are divided by the author into two classes, natural and 
artificial. This evidently, however, refers to their method oi 
occurrence rather than to their nature. A distinction is made in 
this country, which is hardly justified, by referring to the so- 
called natural manures as “manures” and to the artificial manures 
as “fertilizers.” Both kinds are alike manures and both are alike 
fertilizers. 

Guano is described as the rich excrementitious matter of sea- 
birds found on the Peruvian coast. The term is generally applied 
to such matter, no difference what its origin may be. 

There is a discussion of special or mixed manures for particular 
crops,, such as potatoes, turnips, grass lands, tobacco, sugar-cane, 
etc. There is always, of course, some doubt about the reliability of 
formulas made up from crops, since these formulas are made 
without reference to the character of the soil on which they are 
placed. Nevertheless there is a general demand for such special 
formulas and a work of this kind would not be complete without 
an attempt, at least, to meet this demand. 

Part 3, devoted to analyses, is, as a matter of course, of a very 
elementary character inasmuch as the whole subject is discussed 
in 18 pages and in so short a space no very elaborate analytical 
methods could be developed. 

This little work, as before intimated, while it would not be of 
particular value to scientific investigators, contains much that is 
of interest and much that is helpful to the practical man of affairs 
and especially the intelligent farmer. H. W. WItey. 
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MANUAL OF AGRICULTURAL CHEMISTRY. By HERBERT INGLE. London: 
Scott, Greenwood & Co. 412 pp. Price, $3.00. 

This work is based upon lectures delivered for several years by 
the author to classes of agricultural students, many of whom had 
already acquired some knowledge of general chemistry. The work 
is devoted particularly to the general chemical side of agriculture 
rather than to the analytical, and it does not in any sense profess 
to be a laboratory manual, although some accounts of analytical 
processes are produced. 

The book treats in Chapter II of the atmosphere, in Chapters 
III, [IV and V of the soils, in Chapters VI, VII and VIII of 
manures, Chapters IX, X and XI of plants, Chapter XII of ani- 
mals, Chapter XIII of foods and feeding, Chapters XIV and XV 
of milk, and Chapter XVI of miscellaneous products used in agri- 
culture. The general importance of the relations of chemistry to 
agriculture is shown in the introduction comprising the first 
chapter. 

In the discussion of the atmosphere, the nitric acid derived 
therefrom which enters the soil receives special notice. The solid 
matters also, which are carried from the earth to the atmosphere, 
are not neglected. The soil is described as “the layer of more or 
less disintegrated rock which covers a large portion of the sur- 
face of the earth and which is fitted, under proper conditions of 
climate, to support the growth of plants.” In the discussion of 
the origin of the soil and the methods of rock disintegration and 
the classification of soils the author has followed very closely the 
treatment of the same subject in the first volume of my “Prin- 
ciples and Practice of Agricultural Analysis”. 

In the general agricultural discussion there are chapters on 
natural manures, meaning those produced on the farm. The 
artificial manures, so-called, also are fully described in Chapter 
VII. 

The methods of soil improvement in regard to actual plant food 
are said to consist first in the addition of substances containing 
plant food, and second, the addition of substances which may act 
upon the insoluble compounds present in the soil and render 
available the plant food they contain. In his treatment of this 
important subject of fertilizers and manures the author is in en- 
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tire harmony with the general view of agricultural chemists 
throughout the world. 

Chapter IX, on the constitution of plants, deals with this sub- 
ject in the usual manner. The value of the chapter consists in 
bringing into condensed form the more important principles re- 
lating to plant composition and especially with relation to the con- 
stituents which are withdrawn from the soil in the building of 
plant tissue. Chapter IX is devoted to the physiology of plant 
growth, and Chapter XI treats of crops in general and their rela- 
tions to the farm. Chapter XII, as before stated, is related 
mostly to animal physiology. 

The article on foods and feeding is a convenient summary of 
the matter contained in larger works on that subject, such as those 
of Henry, Armsby and Ware. 

The articles on milk and milk-products are of special value to 
those engaged in the dairy industry. 

The chapter on insecticides and other miscellaneous articles is 
also useful to the practical farmer. 

While this little work does not pretend to contain anything 
original either in matter or arrangement, it gives, in a condensed 
and easily comprehensible form, the essence of the lectures deliv- 
ered to agricultural students. Its doctrines are sound and the 
illustrations are for the most part apt. It is hardly a technical 
book, though somewhat too technical for the practical farmer, but 
will prove of use both in the classroom and on the farm. 


H. W. WILEY. 


AMERICAN HANDY BOOK OF THE BREWING, MALTING, 4ND AUXILIARY 
TRADES. By ROBERT WAHL, PH.D., and Max HENIUvs, PH.D. Second 
Edition. Wahl and Henius, Chicago, publishers. Price, $10.00 net. 

This book of 1266 pages is divided into thirty-four chapters 
and an index. The first fifty pages are devoted to arithmetic and 
contain convenient tables of squares, cubes, and logarithms. Alge- 
bra, disposed of in the next five pages, is followed by chapters on 
mensuration, weights, measures, physics, mechanics, elements of 
machinery, power, transmission of power, steam-engines, refriger- 
ation, pumps, brewery buildings, and a short chapter on chemistry. 

The matter presented in these chapters is introductory, and details 

are rigidly avoided, often at the expense of clearness. Thus the 
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explanation of the composition of water given on page 386 would 
also be true if the formula were H,,0O,,. 

However, this is a minor objection considering the scope of the 
book and the purpose of the authors to make it “handy” for 
brewers, malsters and related artisans. 

Brewing and malting are excellently and quite exhaustively dis- 
cussed in thirteen chapters. The skill with which these compli- 
cated arts are treated is highly commendable. 

A short chapter on lubricants, several chapters follow on the 
legal relations of the brewer, on beer dietetics and economics, and 
on miscellaneous matters. At the back of the book are extended 
bibliographies and a dictionary of technical terms. 

The order of treatment of the various subjects might be im- 
proved by bringing allied chapters closer together. This would 
overcome the inconvenience incident to referring from one part of 
the book to pertinent questions in far-off parts. As a whole, 
however, the work is admirably conceived and is well adapted to 
serve asa “book of ready reference.” It is a pleasing feature of 
the “Handy Book” that although destined primarily for the brew- 


ing trade of America, it contains liberal references to the state of 
malting and brewing in other countries, particularly England and 
Germany. The historical sketch of the development of scientific 
brewing is well written and will be found interesting reading by 
those not familiar with it as the account of the growth of modern 
principles is very lucid and instructive. The book will benefit 
those members of the trade who may use it. C. GLASER. 


CORRECTION. 
The following line should be inserted at the bottom of page 334 


in the March number. 
This is a day of industrial, manipulative and chemical special- 











